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Abstract

Technology is an integral part of modern society, but not everyone has equal access or quality. While
this inequity in technology, known as the digital divide, affects many aspects of people’s lives, education
is one prominent area. Researchers have found that unequal access to and knowledge of computers, the
internet, and other technologies can lead to differences in education outcomes. Within this paper, I
further the research about the effect of the digital divide on education by looking at internet inequality
in the United States. Specifically, I look at how the shift to online distance learning affects the education
of American students with differing internet quality, as opposed to access. For my analysis, I exploit the
natural phenomenon of the COVID-19 global pandemic, which forced in-person schools to shift to online
learning in late March of 2020. Using two difference-in-differences specifications, I explore the effect of
internet quality, proxied by county-level median download speed, on three education outcomes: ACT
scores, AP test scores, and graduation rates. I find that there is a significant effect of internet inequality
on graduation rates, suggesting that students with low-quality internet are disproportionately affected
by the shift to online learning in 2020 relative to the previous years. I find no significant effect on ACT

scores or AP test scores.
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1 Introduction

In the modern era, technology has become a dominant element of many people’s everyday lives and it is often
taken for granted. However, not everyone has equal access to technology and one of the central questions
concerning inequality revolves around the unequal access to and knowledge of technology. This “digital
divide”, a common nomenclature for the inequality related to technology, arose with the innovative booms
of the 1970s and grew into a problem that began plaguing policy makers and researchers in the 1990s as the
diffusion of personal technology and the internet expanded rapidly. To this day, countries with seemingly
high levels of technological use, like the United States, still suffer from unequal access to technology. Even
as access to technology and the internet, defined as a dichotomy of “haves” and “have-nots”, becomes more
ubiquitous, the quality of that access still differs between different socioeconomic and geographic groups.
This leads researchers to ask a central question: How does this inequity in technology affect an individual’s
academic, economic, and societal future?

Within this paper, I look at the United States (US) and the effect of one aspect of the digital divide
- internet inequality. However, unlike past literature which focused on whether or not people had access
to the internet, I look at inequity in the quality of internet access. While recent policy changes and an
increasing dependence on the internet is reducing the number of households with no internet access, there
still exists a wide divide in the quality of the internet provided. As can be seen in Figure[l] there is still a
wide gap in internet quality across the country when looking at county-level median download speeds, with
the inequality stretching across states and rural-urban regions. Counties also have vastly different median
internet speeds with ranges from 2 Mbps to 1000 Mbps, both relatively far extremes from the average fixed
broadband download speed in the United States of 182.69 Mbps (Speedtest, [2021). Additionally, even with
internet access being more widely available, there are still a number of students that lack internet access at
home. While 88% of students aged 3-18 had access to the internet at home via a computer, according to a
2018 government report, 6% of students only had access at home through the use of a smartphone and 6%
of students had no access to the internet at home at all (National Center for Education Statistics, [2020)).

This inequity in quality is likely to have widespread effects on many aspects of society, among them
education. As past research has shown, differing levels of access to the internet, whether at home or at
school, has impacted education outcomes such as test scores, enrollment, and dropout rates (Attewell and
Battle, [1999; Aydin, |2021; Fairlie, |2005; Mbunge et al., [2020)). These effects on education are likely to have
been exacerbated with the onset of the COVID-19 pandemic in 2020 as schools shifted to online distance
learning for at least a portion of their school year. Since distance learning generally requires attending virtual
classes with the use of livestream video services such as Zoom, the quality of internet at home becomes even
more important. Worse internet quality could result in missing important information and generally receiving
a poorer education than peers with better internet connections. With this in mind, I focus the analysis of this
paper on one central research question: How does the shift to online distance learning affect the education of

American students with differing internet quality at home?



Figure 1: Map of internet quality across US counties
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Notes: In this figure, blue represents areas with low-quality internet while orange represents areas with high-quality internet.

“Internet quality” is proxied by county-level median download speed and is measured in megabits per second (Mbps).

Using a difference-in-differences (DID) analysis, I attempt to answer this question by looking at the effect
that the inequity in the quality of internet access has on education outcomes when schools shifted to online
distance learning in 2020. Specifically, I test the hypothesis that the education outcomes of students from
counties with with low-quality internet are disproportionately affected by the shift to online learning caused
by the COVID-19 pandemic in 2020 relative to previous years. I hypothesize that students with low-quality
internet have a more negative or less positive effect on their education outcomes when compared to students
with high-quality internet. To proxy for internet quality, I use median fixed broadband internet download
speeds for counties in the United States, where lower speeds indicate lower quality internet. I run two DID
specifications for my analysis. Specification 1 uses a generalized DID model in which the treatment variable
is a continuous internet variable and uses county-level fixed effects to compensate for the time-invariant
effects that were not partialled out. Specification 2 is a standard DID model using internet data binned
into “low-quality internet” and “high-quality internet” bins. I run both of these specifications on each of my
three education outcome variables: ACT scores, AP test scores, and graduation rates.

Through my analysis, I find some support in favor of my hypothesis as I get robustly significant results
in the hypothesized direction for graduation rates when using the specification with the continuous internet
variable. These results indicate that students from counties with lower quality internet are less likely to

graduate in 2020 relative to previous years and compared to the trends of students from counties with high-



quality internet. These lower graduation rates are likely caused by issues with internet connectivity and
lower speeds. The poorer the internet quality, the more likely students struggle with attending classes and
performing internet-based tasks. This may result in students receiving poorer grades, dropping out from
school, or deferring graduation until after classes return to in person. While the results for graduation rates
have significance, the results of my other education outcome variables are not significant.

My paper contributes to the literature in several ways. First, as far as I can tell, this is the first paper
to use internet download speeds as a measure of internet quality when looking at education outcomes. This
measure is particularly interesting as it relies on government data as opposed to the self-reported survey
data that many other papers utilize. Additionally, due to the recency of the COVID-19 pandemic, there is
very little research on this time in general and specifically in relation to education. My paper provides some
early insights into the effect of the pandemic on education. Finally, this analysis adds additional evidence
to the existing literature on the effect of the digital divide as well as providing additional insights into the
growing literature of online learning.

My paper is structured in the following way: Section [2] consists of background information and previous
literature about the digital divide; Section |3| consists of my research question and hypotheses; Section
includes a discussion of my data and a description of the education outcomes I have chosen; Section
outlines my econometric methods, specifications, and pre-trend tests; Section [f] includes the results for my
various education outcome variables; Section [7] discusses the robustness checks on my results; Section
includes a discussion of the results; Section [J] discusses potential limitations with the analysis in this paper;

and I conclude the paper in Section

2 Background and Previous Literature

2.1 Defining the Digital Divide

Technological advancement has always been an integral aspect of human progress, but, beginning in the
latter half of the 20th century, humanity entered into a new era of rapid technological change. Inventions
such as the computer, the mobile phone, and the internet revolutionized all aspects of people’s lives from
economic opportunities to educational access to personal relationships. However, access to this technology
has never been equitable as certain demographics, particularly minority, female, poor, and rural groups,
disproportionately lack in both the access and education to take full advantage of it.

This technological inequality is often called the “digital divide”, a term popularized amongst researchers
and policy makers in the mid-1990s, despite the divide actually beginning in the 1970s with the rise of
computers (Pierce, 2019). The digital divide is a global issue that acts as an umbrella term to discuss
any technological inequality, whether it is between countries, socioeconomic groups, or even individuals. In
the context of this paper, I focus on the micro aspects of the digital divide, looking at the effects between

different groups within a country as opposed to technological inequality between countries.



While many technological innovations affected digital inequality, the emergence of the internet and its
rapid adoption, in particular, seemed to widen the digital divide as the separation between “haves” and “have-
nots” was not limited to computational power, but extended into information and knowledge inequality as
well (Bucy, [2000). Academic, economic, and eventually social outcomes became more and more reliant
on access to the internet. The emerging importance of the internet, as well as the wider availability of
computers, brought about increased awareness and scrutiny about the digital divide among researchers and
policy makers beginning in the mid-1990s (Pierce, |2019)).

Early research into the digital divide focused on access to the various technologies. In 2000} | Bucy| looks
at whether costs and expertise associated with the internet create an elite group of internet users. He finds
that despite some increase in the diversity of internet users, it had not yet reached the point of being a
widely used piece of technology. He continues by suggesting that this divide in internet users, especially
along economic status since wealthier individuals were more likely to use the internet, could lead to a gap
in knowledge and information. Another paper, by |Strover| (2001), looked into the geographic digital divide
between urban and rural areas. She determined that there is inequality in computer access between urban
and rural areas, with rural areas generally having much lower access. She also found that one reason for this
inequality is due to the mismatch between rural residents and internet providers. Rural residents want access
to the internet but only if costs are reasonable. However, due to the high cost of infrastructure development,
it is only appealing to internet companies to expand into rural areas if they charge an inflated price. [Looker
and Thiessen) in their 2003 paper, build on |Strover/s paper by looking at this inequality not just between
rural and urban areas, but also along gender and socioeconomic lines. Looking at students in Canada, they
find that both rural and lower socioeconomic students are less likely to have computers at home and, for the
lower socioeconomic students, this leads to the development of less positive attitudes towards technology.
For rural students, access to computers in schools seems to compensate for the lack of access at home, at
least in regards to attitudes towards technology.

While inequality still persist across countries, some authors have argued that in many developed countries,
like the United States, the digital divide has been steadily decreasing. One paper, for example, looks at
national surveys across the United States from 1995 to 2000 (Katz et al.,2001). Looking at the groups that
had previously been underrepresented on the internet (such as women, minorities, and elderly), the authors
find that there are swelling numbers of internet users among them and that the gaps between the groups
are shrinking. While they are still below the proportional number of internet users expected, the growing
trend would indicate a decrease in the digital divide. This becomes even more prominent when “awareness
of the internet” is controlled for meaning that, of the subset of each group that knows what the internet is,
the digital divide is even narrower.

While the digital divide may be narrowing in terms of having any kind of access to the internet, |Attewell
(2001) suggests that the digital divide is not disappearing, but has instead entered into a second phase.

By surveying and synthesizing studies and surveys on the digital divide from the 1990s and early 2000s,



Attewell determined that access was no longer the most prominent indicator of technological inequality.
Instead, he suggested that, while surveys indicated that poor and urban students reported more computer
use than suburban and affluent students, the way the computers were used differed greatly. According to
Attewelll studies have found both that few children use home computers for educational purposes and almost
all children use it for games or word processing. While these studies are outdated, they mirror more recent
trends in computer use (Zhao et al., 2010)).

Early experimental evidence for this second phase was provided by Hargittai| (2002) who argues that the
binary classification of having or not having access to technology is too constraining and overlooks some
important aspects of the inequality. Through an experiment testing people’s online skills, she found that,
despite having access to the internet, people’s ability to successfully complete tasks and the speeds at which
they performed the tasks varied. This caused her to suggest that the digital divide be expanded beyond
the dichotomy of “haves” and “have-nots” and to include the inequality in technological skill and learning.
Gorski furthered the arguments posed by [Hargittail In his 2005 paper, |Gorskil advocates for a change in the
digital divide discussion away from physical access and towards the inequity of use, particularly in regards
to disenfranchised groups. |Gorskil finds that the use of the internet falls unfavorably along gender, race, and
socioeconomic lines, which exacerbates the social and economic inequality these groups already face. While
these disenfranchised groups have mostly overcome the divide in terms of have the physical capability of
using the internet, they still generally lack the know-how to utilize this technology to its full potential.

In [2011, Wei and Hindman| added additional support for [Attewell’s second-phase digital divide. These
authors look at the relationship between the digital divide and the knowledge gap, specifically political
knowledge. They found that the technology inequality between socioeconomic groups is not a result of
unequal access, but is caused by inequity in the use of the internet, particularly in how information is
gathered and communicated. As with previous research, they find that higher socioeconomic status (proxied
by education level) is associated with more informational use of the internet. Additionally, they find that this
difference in information attainment is more prominent in internet use than the use of more traditional media
(like TV, radio, and newspapers). A more recent paper, by [Subramony| (2014)), discusses how the digital
divide is still a relevant issue despite the ubiquitous presence of technology in society. Like the previous
papers, |Subramony| considers the digital divide a two-part problem with both access and technological
ability as the key components. He wants to re-envision the digital divide as a social challenge rooted in
socioeconomic institutions. Extending on previous work, the author suggests that the digital divide persists
in part due to increased “cultural capital” of the traditionally entitled groups as well as the inequality in
access, use, and ability.

DiMaggio and Hargittail (2001]) also propose an extended version of the two-phase digital divide. Similarly
to |Attewell, they claim that the rapid diffusion of computers and internet access indicates that access, while
still existent, had been becoming less of a determinant of the inequality. They suggest redefining “access

to the internet” to being capable of performing necessary tasks and not just defining it as being connected



to the internet. In order to do this, the term “digital divide” needs to be expanded. They reimagine the
digital divide and include five additional aspects of technological inequality that need to be discussed and
understood by researchers and policy makers: technical connections, autonomy of use, information and
communications technology (ICT) knowledge and ability, social support, and purpose of use. According to
the authors, all five of these characteristics are potential sources of technological inequity and could indicate

a wider digital divide than previous authors considered.

2.2 Education and the Digital Divide

The digital divide has been and continues to be an important issue to understand and to find solutions for.
Researchers have found that internet and technological inequality can negatively impact many areas of life
for disenfranchised groups. One of the most affected areas is education and the digital divide’s effect on
education has been researched since the term was coined. One early paper studying the effect of technology
access on education comes from [Attewell and Battle (1999)). They use data from 1988 to look at whether
having a home computer affects reading and math scores for children. They find that having a home computer
does have a positive effect on test results, but that this effect is disproportionately more beneficial to higher
income than lower income students. The authors suggest that this is due to greater resources available to
higher income families to ensure the computers are used for educational, as opposed to recreational, purposes.
Huang and Russell| (2006]) also look at the amount of computer access students have and how this affects
their academic achievement amongst students in Oklahoma. The authors find that there is a digital divide
across socioeconomic groups that suggests the need for greater access to computers such as by improving the
student/computer ratio. They also find that state test scores are affected by this unequal access, however,
these results could be affected by other confounding factors. |Aydin| (2021) also follows up this research by
looking at the effect of internet access on test scores in South Korea and Chile. In line with the results of
previous research, he finds that greater access to the internet and increased computer literacy has positive
affects on student test scores.

Others authors look at the connection between the digital divide and education, but from a different
angle. [Zhang et al.| (2015]), for example, also find that access to technology is positively correlated with
better academic achievement, however they look at a different form of technology. They study access to
mobile devices and the use of educational apps instead of access to the internet or computers like previous
researchers have done. [Fairlie| (2005) uses access to computers at home, like previous research, but uses
enrollment instead of test scores to measure the education effect. [Fairliel looks at the impact of having
computers at home and enrollment in high school (and, by extension, completion of high school) and he
initially finds a positive relationship between owning a computer at home and being enrolled in high school
to varying degrees. However, after including a number of controls, enrollment has a negative relationship
with owning a computer at home among less educationally motivated families, which the author posits is

the result of these families using computers more for recreational activities.



Other researchers have found that the perception of the importance of technology and a student’s self-
perceived ability to use it can affect academic achievement as well. [Hargittai| (2005]) finds that self-reported
levels of technological skills are generally overstated when compared to real measures of their skills. The
author suggests that this overstatement is likely due to proficiency in the small selection of technological
activities an individual usually utilizes despite a lack of skill in other technological areas. |Pena-Lopez| (2010])
finds this gap in skill exists even among students entering college. He finds that there is a gap in technological
skill with students entering college despite students feeling they are ready for college. He suggests that
programs that increase access are not remedying the problem since they are misallocating resources away
from solving the skill gap issue. One paper by |Zhao et al.| (2010), explores the [DiMaggio and Hargittai
framework in an academic setting and found that, even with access to the internet, differing socioeconomic
and academic achieving groups tended to use computers in different ways and had different levels of internet
confidence which creates another kind of digital divide. They perform some exploratory analysis looking at
how internet self-efficacy and internet use affects test scores and they find that there is higher internet self-
efficacy for students who use computers at home or at school is associated with better academic performance.
This correlated with socioeconomic levels as students from higher socioeconomic groups generally spent more
time on the internet and were more likely to be able to use the internet at home. They also find that students
with lower levels of academic performance generally use the Internet differently that higher achieving students
as lower academic achievement was correlated with using the internet for more leisure activities. However,
since this is an exploratory analysis, no causal relationships could be determined. |Buzzetto-Hollywood et al.
(2018) find that this is still an issue, particularly for minority groups, in their more recent paper. They
look at the “technological readiness” of students entering their freshman year of college at a traditionally
minority-serving university and find that these students tended to be less proficient at academic-related
computer skills such as creating presentations and making spreadsheets despite their prowess at using other
computer applications such as internet communication and social platforms. Another paper by [Heerwegh
et al.| (2016) may have a potential solution to the skill gap issue. They find that students who are exposed
to computers earlier in life are both more likely to find computers useful and are more likely to have better
computer skills.

The way teachers utilize technology is another component researchers look at in regard to the digital
divide. |Angrist and Lavy| (2002) look at the introduction of computers in Israeli schools and they find
that more computers increased the amount of technology-aided teaching, but this did not improve students
scores. They suggest that differences in teachers’ skills at incorporating technology into the classroom was
likely an issue. [Warschauer et al. (2004) furthered this idea by looking at how teachers use technology
across socioeconomic groups. They find that teachers in lower socioeconomic schools are less proficient at

incorporating technology into lessons and that this is likely exacerbating the inequity between groups.



2.3 Online vs. In-person Learning

Another growing stream of literature involves looking at the differences in student outcomes between tradi-
tional in-person classes and a growing number of online classes. Researchers have found various heterogeneous
effects lead to differing results between in-person and online classes. One recent paper looking into live lec-
tures compared to online lectures is by [Figlio et al| (2013)). In their paper, the authors use experimental
evidence from university students in a microeconomics course who were randomly assigned to one of two lec-
ture forms: live lectures or online lectures. The authors find that there is a slight cost to education outcomes
when students learn through the online lectures compared to the in-person lectures, however, these results
are not statistically significant. They do find that there is some heterogeneity in the results, however, with
Hispanic students, male students, and lower achieving students having more positive results when attending
live lectures than online lectures. Another paper by |Bettinger et al.| (2017)), provides additional evidence
about the difference between in-person and online classes. These authors use an instrumental variable ap-
proach to look at how students’ grades are affected by taking online compared to in-person classes. Using a
nation-wide college network that has both physical campuses and an online presence, the authors compare
students’ results across identical courses when they are taken online or in-person. The authors find that
grades tend to be substantially lower for students taking courses online with an even larger negative effect
on students who had lower GPAs ex-ante.

Additional evidence about online teaching also comes through looking at varying levels of hybrid teaching,
a class format that combines elements of in-person and online teaching together. One paper that looks at
the effect of hybrid teaching is by |Joyce et al. (2015). These authors look at whether the amount of time
spent physically in class affects a student’s results. They randomly assign students to either a normal
twice-per-week class or to a compressed once-per-week classes with both sections receiving the same online
material that covers the entire scope of the class. The authors found that students in the traditional setting,
where they had more classroom time, performed better on the midterm and final exams, however, only the
difference in scores on the midterm exam is statistically significant. Also looking into the difference between
traditional and hybrid classes are [Haughton and Kelly| (2015). In their paper, the authors look at whether
students who view lectures online first and then have a face-to-face meeting with the professor (flipped hybrid
model) perform differently than those students in the traditional in-person lecture style classes. The authors
find that, for one of the semesters, students in the flipped hybrid classes performed better on the common
final exam than students in the traditional class, but the results were insignificant for the other semester
despite similar structure of the courses and similar demographics of the sample. The authors also find no
significant difference in the other course-related outcomes such as semester grades or perceived course rating
between the flipped hybrid and the traditional classes in either semester.

Cacault et al.| (2021)) provide further discussion on the effect of online vs. in-person learning. In their
paper, they ran an experiment where each week some students were randomly given access to the online,

live-streaming version of the lecture while still having the opportunity to attend in person. The students



who were not provided with access to the platform that week only had the option of attending the class in
person. Through this design, the authors are able to look at a hybrid structure compares to an in-person
structure on a lesson by lesson basis as well as how having access to online affects attendance. They find that
students generally choose in-person classes even when given the option online, and tend to only opt for online
over in-person classes when there are high costs to attending in person. Additionally, they find that there
is a heterogeneous effect on exam question scores from attending online classes or in person. Specifically,
they find that online classes generally negatively impacts the scores of lower-ability students while it has a
positive impact on the scores of higher-ability students.

However, not all researchers found a difference in performance between online and in-person classes. A
recent paper by Merkus and Schafmeister| (2021) exploits a hybrid system devloped by a Swedish univer-
sity due to COVID-19 to look at whether attending in-person seminars or online seminars affects student
performance in a bachelor-level economics course. They find no statistically significant difference in scores
between students who attended relevant in-person seminars compared to students who watched the seminar
recordings online.

My paper further contributes to this stream of literature by looking at another potential avenue of
heterogeneity that could lead to differing results between in-person and online classes - internet quality.
Differing education results that occur when shifting to online classes could be the result of poorer internet
infrastructure and internet access, which would create a gap in the quality of education that would not be
present during in-person classes. Since the structure of online classes and the programs and tools utilized to
facilitate online learning are generally dependent on certain amounts of internet access and speeds, students
in areas with poorer internet quality are likely to be more disadvantaged. This difference between online
and in-person classes has become even more critical during the 2020 pandemic as schools were required to
physically shut down and distance learning for classes occurred across most districts in the United States to

varying degrees.

2.4 COVID-19 and the Digital Divide

COVID-19, the pandemic that spread throughout the world in the early months of 2020, caused much
disruption and altered people’s routines and daily lives. National and state governments issued various
protocols such as lock downs, wearing masks, and social distancing in order to attempt to mitigate the
effects of the virus. While many aspects of life were altered during the pandemic, education was among the
most affected. Statewide closures of public high schools in the United States for at least part of the spring
of 2020 were put in place in all states except for Wyoming and Montana and even those two states saw
many schools closing at the district or county levels (EducationWeek, 2020)). With school buildings closed,
students still needed a way to learn so distance learning became a prominent tool to use. Most schools in
the United States shifted to online distance learning where students, through conferencing apps like Zoom,

attended virtual classes. This shift to online learning is expected to have an impact on students’ education,



especially early in the pandemic when the technology was new and teachers had little time to adjust their
lessons plans.

Due to the recency of the pandemic, however, research on the effect of COVID-19 on education is relatively
scarce. However, there have been research studies that look at how this disruption affected education and
whether or not the digital divide played a role. Two papers, both by a similar group of authors, look at the
whether the shift to online learning caused by the pandemic has an effect on university students in Zimbabwe
(Mbunge et al.,|2020; Mbunge et al.,|2021)). In one of the papers, they find that there seems to be an increase
in the dropout rate of students due to COVID-19 and that this increase seems to be partially due to issues
with internet connectivity (Mbunge et al., 2020).

My paper adds to the research on the digital divide by looking at how inequity in internet quality affects
education outcomes during the pandemic and it contributes to the literature in a few key ways. First, I
measure internet inequality using quantitative government data, which differs from the self-reported survey
data that much of the previous research utilizes. While this prevents me from looking at household-level
access to data, it allows me to look at a broader geographic area and to avoid any selection or response bias
usually present in survey data. Additionally, I look at internet inequality in a different way. I avoid the often
utilized dichotomy of “access” and opt for looking at internet inequality in terms of internet speeds. Based
on my data, many counties are recorded as having median internet speeds lower than the optimal or even
the minimum amount needed to run certain commonly used programs. This suggests there is an additional
level of internet inequality beyond just access. To the best of my knowledge, this is the first paper to look at
how inequality in internet speeds affects education outcomes. Finally, this paper offers an early contribution

to the literature on the effects of COVID-19 and distance learning on education.

3 Hypotheses

In this paper, I look at how internet inequality affects education outcomes. However, unlike the stream of
research that focuses on the digital divide in technological skills and knowledge (see Attewell, 2001; Hargittai,
2002; Wei and Hindman, [2011)), my paper looks at internet inequality in access. Using aspects of [DiMaggio
and Hargittai’s framework of internet inequality, I expand the concept of access beyond the “haves” and
“have-nots” dichotomy of early research (see Pierce, 2019; Strover, 2001)), and instead look at access in terms
of the quality of internet provided. While there is still a not-insignificant portion of US households lacking
in any internet connection at home (National Center for Education Statistics, |2020), the 2019 internet data
from the United States Federal Communications Commission (FCC) I use in this paper shows that every
county in the United States has at least one area with access to broadband internet. However, having some
ability to connect to the internet does not mean that internet inequality has disappeared. [DiMaggio and
Hargittai| (2001)) suggest that technical connections is another aspect of the digital divide and this includes

the hardware and means to access the internet. According to these authors, having different types and
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quality of internet access is a further extension of internet inequality in access. Following their argument,
I utilize differences in internet speed as a measure of internet quality to explore the inequity in technical
connections.

I look specifically at the effect on education. In the academic context, lower internet speeds can lead
to issues of applications not working, poorer quality connections to online classes, and longer time spent
downloading and uploading assignments. Prolonged internet issues for academic purposes could lead to
poorer performance in aggregate education outcomes, such as standardized test scores or likelihood to drop
out of school (Aydin, 2021} Fairlie, 2005, Mbunge et al., |2020). These factors are likely exacerbated by the
increased reliance on the internet during the COVID-19 pandemic when most schools switched to online

learning. This leads to the central research question of my paper:

Research Question: How does the shift to online distance learning affect the education of American stu-

dents with differing internet quality at home?

In order to answer my research question, I take advantage of a natural phenomenon that took place in
2020 - the COVID-19 pandemic. In the early months of 2020, a worldwide pandemic reached the United
States with cases beginning to sore in March and early April. This led to schools closing their physical
locations and shifting to online distance learning (EducationWeek, |2020). This large scale shift online for
schools that had always been in-person allows for a comparison of education outcome between the 2020
online version and previous in-person years. Using education metrics that remain fairly consistent between
years and across the country allows for a comparative difference-in-differences analysis between groups with
different internet quality across different years. My hypothesis narrows down the specific scope of my paper
to the changes in education outcomes caused by shifting to online learning during the pandemic. Therefore,

I have developed one core hypothesis to test the effect:

H1: The education outcomes for students in counties with lower-quality internet are disproportionately more
negatively or less positively affected than for students from counties with higher-quality internet during the

2019-2020 school year compared to previous school years.

For the purposes of this paper, I proxy “internet quality” using a measure of internet download speed.
Therefore, counties with lower-quality internet are counties with lower internet download speeds and counties
with higher-quality internet are counties with higher internet download speeds. Additionally, my hypothesis
does not make any claims on the overall direction of the effect of 2020 on the education outcomes. Instead, it
is worded as “disproportionately more negatively or less positively affected” which suggests that, regardless
of the overall direction of the effect for 2020, students from counties with lower-quality internet perform
comparatively more poorly in 2020 over previous years than students from counties with high-quality inter-
net. This would mean that, should the effect in 2020 be negative, students from counties with low-quality

internet would have a greater magnitude effect in the negative direction than students from counties with
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high-quality internet. Should the effect in 2020 be positive, students from counties with low-quality internet
would have a lower magnitude effect in the positive direction than students from counties with high-quality
internet. Additionally, students from counties with low-quality internet could have a negative effect while
students from counties with high-quality internet could have a positive effect. All three of these scenarios
would indicate support for my hypothesis.

In my hypothesis, the argument that students with lower quality internet have a more negative or less
positive effect from the shift to online learning comes from the literature. Numerous authors have shown
that education outcomes are affected by worse internet at home (see Attewell and Battle, [1999; Huang and
Russell, |2006; Zhang et al., |2015). Some authors even look specifically at the shift from in-person to online
learning and find that there are heterogeneous effects on students when changing between in-person to online,
specifically with groups like Hispanic students, male students, and low-ability students worse off (Cacault
et al., [2021; Figlio et al.,[2013). The general consensus in the literature seems to indicate that less access to
technology or access to lower quality technology has a negative academic impact on those students compared
to students with access to high-quality technology. Therefore, I structure my hypothesis with the argument
that students with lower quality internet are worse off from the shift to online learning than their peers with
access to high-quality internet.

While I would ideally like to look at the overall effect of internet inequality and the shift to online
learning on education, there is no aggregate variable that measures a student’s overall academic achievement.
Additionally, curricula and academic standards differ across states, counties, and schools, making comparison
between them difficult. Because of this, I have chosen to proxy education outcomes with three academic
variables that are standardized at the national level allowing for cross-county comparison. These variables
are ACT scores, AP scores, and graduation rates. With these three education outcome variables, I form

three sub-hypotheses from my main hypothesis:

e Hla: ACT scores for students in counties with lower-quality internet are disproportionately more
negatively or less positively affected than for students from counties with higher-quality internet during

the 2019-2020 school year compared to previous school years.

e Hilb: AP test scores for students in counties with lower-quality internet are disproportionately more
negatively or less positively affected than for students from counties with higher-quality internet during

the 2019-2020 school year compared to previous school years.

e Hlc: The graduation rates for schools in counties with lower-quality internet are disproportionately
more negatively or less positively affected than for schools from counties with higher-quality internet

during the 2019-2020 school year compared to previous school years.

Like my main hypothesis, each of my sub-hypotheses are based on evidence from the literature. The ACT
and AP test scores hypotheses (Hla and H1b) suggest a negative relationship between low-quality internet

and test scores. This comes from arguments in the literature that shows that greater access to the internet
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generally leads to higher test scores among higher achieving students (Aydin, 2021; Huang and Russell,
2006; Zhao et al.,2010). The shift to classes online should intensify this effect as it requires the use of online
education tools, such as Zoom, which have certain internet speed thresholds for minimum and optimal levels
of functioning (Zoom Help Center, [2021)). Research has also shown that test scores are generally affected by
the shift to online learning with heterogeneous effects between students of varying academic levels (Cacault
et al., 2021; Figlio et al., 2013). My graduation rates hypothesis (Hlc) also suggests a negative relationship
between low-quality internet and graduation rates. This also comes from arguments in the literature which
provide evidence that lower access to internet increases dropout rates in colleges and that having access to
technology at home (such as computers and the internet) increases the probability that a student is enrolled
in school (Fairlie, [2005; Mbunge et al.,[2020). Graduation rates may also be similarly affected by the shift to
distance learning as students with lower internet quality may have issues connecting or following classes and
then might be less likely to attend online classes and more likely to drop out, reducing the graduation rate.
There is some evidence to suggest this as students tend to prefer to attend classes in-person when given the

option between online and in-person lectures (Cacault et al., 2021]).

4 Data

For this paper, there are two main types of data needed: data on internet quality and data on education
outcomes. The internet data comes from FCC governmental data and the education data comes from
individual state departments of education. The education data consists of three variables of interest - two
national standardized test scores and graduation rates. The two standardized test scores are ACT scores
and AP test scoresﬂ This data includes the COVID-19 period (2019-2020 school year data) as well as two
pre-COVID periods (2017-2018 and 2018-2019 school years). All of the data is aggregated to the county
level. Within this paper, I assume each county is a self-contained entity where students live and attend
school within the same county. This is a reasonable assumption because my data consists of public schools
within the United States where students are allocated to schools based on their home address. Therefore,
apart from a few isolated exceptions, American students attend high schools in their counties. Along with
the data for the main variables of interest, I also include a discussion on the data sources for the control
variable, COVID-19 infection rate. The details of the data sources, collection process, and manipulation of

the data are detailed below with internet data discussed first (Section , the education data of ACT scores

1 Another college-readiness standardized test, the SAT, is excluded from this analysis primarily because the tests normally
scheduled to be taken at the end of the school year (April, May, and June) were cancelled in 2020 due to the COVID-19
pandemic, leading to no available data relevant to the question posed in this paper. However, the omission of the SAT data
should not lead to any holes in the analysis as it is the standardized test that is the least related to material learned in class
since it had long been a standardized test based more on innate aptitude than on knowledge and skills gained during high
school. Even with the 2016 shift towards making the test questions more closely related to the Common Core curriculum, it
still lacks the subject diversity of the ACT and AP tests and is the test that is the least directly classroom material (Lewin,
2014).
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(Section [4.2), AP scores (Section [.3)), and graduation rates (Section discussed next, and the control
variable (Section discussed last.

4.1 Internet Data

My paper utilizes internet data to look at internet quality of counties in the United States. In order to
look at differences in internet quality, I use internet download speed as a proxy. For my internet data, I
use publicly available data from the FCC based on Form 477. Form 477 is a government required document
that broadband internet providers must file twice a year. In the form, they denote which geographic areas
they provide some amount of internet access to as well as the max advertised download and upload internet
speeds for those areas. This is registered at the census block level. Census blocks are classified as having
access to the internet if at least one household in the census block receives or has the capability to receive
internet access at speeds exceeding 200kbps. “Advertised” download and upload speeds for the purpose of
form 477 are the internet speeds that a user could reasonably expect to receive from the internet provider
and is not based on the “theoretical capacity” (FCC,|2019). This suggests that “advertised” internet speeds
provided in the data should be fairly similar to the actual internet speeds households receive.

For my internet data, I use the December 2019 data from Form 477, which is the data from just before
the onset of the COVID-19 pandemic. Because establishing additional internet infrastructure is a time
consuming process, I do not expect that there are significant differences in internet access or speeds in the
two years proceeding my data nor in the several subsequent months (the time period of my education data).
I use the validated data set as the base for my analysis as opposed to the raw data. In the validated data
set, staff at the FCC peruse the data from Form 477 and fix any mistakes in reporting as well as removing
extraneous data (such as census blocks that only contain water). Because of this, I use the validated data
which is more likely to reflect the true conditions of the population and does not include areas that are
lacking in internet access because they are uninhabited, which, if included, could lead to bias in my results.

Since the data is provided at a census block level, I aggregate it up to the county level. I use the county
level since it is the smallest geographic area that is comparable across all of my data sets. This is because
some of my education data is collected at the county level and is not able to be dis-aggregated. Additionally,
even the education data that I collect at a smaller geographic level usually exists at the school-district
level, which does not always coincide with the census blocks thus making these smaller geographic levels
incomparable. For my internet data, I aggregate up to the county level using the unweighted county median.
Because of the relatively similar population counts across census block groups (generally between 600 and
3,000 individuals per block), I chose to use a uniform aggregation method (Census Bureau, 2019). T also
chose to use the median as opposed to the average download speeds in order to compensate for the skewness

of the distribution of internet download speeds towards higher internet levelsE| Therefore, I construct my

2Counties generally have little variation in internet speeds across their census block groups so using medians over averages is

expected to have little effect on the results. However, I use average internet download speeds as an alternative specification to
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internet download speed variable as the median max advertised download speed for each county measured
in Mbps (megabit per second). General summary statistics of the internet download speeds by state can be
found in Table [A1l

Within the data, the continued existence of the inequity of internet quality can be seen. Looking at the
cumulative distribution function of the median download speeds for counties across the United States (Figure
, there appear to be three ranges of download speed that the majority of counties fall into: 30-50 Mbps,
90-100 Mbps, 920-1000 Mbps. Because of this, I use two versions of my internet quality data. First, I use
internet download speeds as a logged continuous variable to see what effect there is on education outcomes
as internet quality increases. I log my continuous internet variable in order to adjust it for the long and

large tail area (> 900 Mbps).

Figure 2: Cumulative distribution function for US counties’ median internet download speed
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Notes: Internet download speed is measured in megabits per second (Mbps). The gray areas represent the three ranges of

median internet download speed that are most common in US counties (30-50 Mbps, 90-100 Mbps, and 920-1000 Mbps).

Along with the continuous form of the variable, I also use a binned version of internet quality. While
three distinct groupings of internet quality exist in the data, it does not make empirical sense to bin my

internet data into these three groups. This is because, for the purposes of looking at internet quality and its

check the robustness of the results (see Tables and for ACT scores, Tables and for AP test scores, and Tables

and for graduation rates).

15



effect on education outcomes, certain internet thresholds would perform similarly. Therefore, I would ideally
want to find a cutoff speed that roughly divides the data between those with fast enough internet for online
learning to function well and those with too slow of internet for online learning. Looking at official FCC
guidelines, “advanced” (fast) internet for a household is defined as > 25 Mbps download speed and this speed
is suggested for households where 2 to 4 people need to use high-usage programs, such as multi-person video
calling, at the same time (FCC, |2020). However, 25 Mbps is likely still too slow of internet. One bipartisan
group of senators is pushing for this definition of “advanced” internet to change from > 25 Mbps to > 100
Mbps (Bell, 2021). Yet, 100 Mbps is likely too high of a threshold for me to use as many students can
probably succeed through online learning with lower internet speeds. Therefore, I choose a bin somewhere
between these official and proposed official speeds.

Choosing the threshold speed, however, is not straightforward because there are many factors that can
affect internet performance and the minimum speeds needed for a household including the number of people
using the internet, the applications and activities being done, the number of devices connected, and the
stability of the internet connection (Horaczek, [2020). Applications used for distance learning, such as Zoom,
Google Hangout, and Skype require various amounts of internet download speeds to be functional. Zoom,
for example, requires a minimum of 1 Mbps for group calling with recommended amounts of up to 4 Mbps
(Zoom Help Center, 2021). While this may not seem to be a lot, these requirements refer to only the
internet usage for Zoom. Often times, students also need to use the internet for other tasks concurrently like
searching the internet, accessing school portals and websites, or checking emails, which increases internet
speed requirements. An article on CNET provides basic and recommended usage requirements for various
activities individually (Bolden, 2021). The basic usage requirements mentioned include email (1 Mbps),
internet browsing (5 Mbps), social media (5 Mbps), and video calling (5 Mbps) with minimum recommended
speeds being even higher for social media (10 Mbps) and video calling (10 Mbps). These are all activities
that students could be using simultaneously or at least have open on their computer at the same time. This
would suggest that, for one student, a minimum internet speed of 16-26 Mbps would be necessary.

This is further compounded, however, when there are multiple people at home all working or studying
on the same network. “If you have several people working from home, including students, it can tax your
connection” and voice and video chatting are especially taxing (Horaczek, 2020)). This would likely be the
case for most students working from home as it can be expected that they would have at least one sibling or
parent who would also need to use video conferencing or other high-demanding programs for their school or
work. Therefore, one additional person working or studying from home would need an equivalent amount
of internet speed. For these reasons, it seems like internet speeds of 30-50 Mbps are probably conservative
minimum requirements for household internet for students. Based on these considerations, I create a binned
version of my internet quality variable with two bins referred to as the low-quality bin (< 50 Mbps) and
the high-quality bin (> 50 Mbps). I use the binned version of this variable both when visually assessing the
viability of the parallel trends assumption in my data (Section and as one of my specifications for the
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difference-in-differences analysis.

4.2 ACT Data

Following the internet data, I obtain education data. The first of the education outcomes I look at is
the results of the college readiness test called the ACT (American College Testing). The ACT is a multi-
subject, nationally standardized comprehensive test that is meant to determine what a high school student
has learned and how prepared they are for higher levels of education. One of the two prominent American
college readiness tests (the other being the SAT), ACT scores are a measure accepted by American colleges
and universities on applications. The ACT tests a wide range of subject areas based on the core curriculum
of the United States so it is fairly reliant on classroom learning. The five subject areas are English (grammar
and vocabulary), mathematics, critical reading, science, and writing. Students get individual scores in each
of these subjects. English, mathematics, reading, and science are all graded on a 1 to 36 scale and the
combination of these four scores gives a students composite score (also on a 1 to 36 scale). The writing
section is optional and not factored into the composite score. Its score is the sum of two writing sections
each scored on a 1 to 6 scale, giving an aggregate writing section score on a 2 to 12 scale.

For all of the education outcome variables, I was unable to get centralized data at a county or lower
level. Therefore, I needed to collect the data individually for each state from each department of education
or equivalent government body and aggregate them into one data set. However, not all states provide all the
data T would like and not all states have the most recent year(s) available, so my analysis is based on the
states which provide the adequate data for the desired years. Because of this, my analysis does not include
all US counties and has a different set and number of counties for each of the education outcome variables.
The limited number of states does restrict the external validity of my results as I do not have a broad enough
sample of United States’ states and counties for any of my education variables to make general claims about
the entire country. However, I still believe the analysis in the paper contributes to the literature on the
digital divide and education despite being limited in the generalizability.

For my ACT data, I have collected the school-district-level or county-level ACT results for seven states:
California, Iowa, Louisiana, Minnesota, North Dakota, South Carolina, and Tennessee. Despite some loss
of external validity due to the limited number of states, my sample of ACT scores data provides a nice
cross-section of the United States’ population. For example, it provides a geographically diverse sample with
states from the West (California), Midwest (Iowa, Minnesota, and South Dakota), South (Louisiana), and
Southeast (South Carolina and Tennessee). While there are geographic regions that are not included in my
sample (most notably the Northeast), it still provides a varied geographic sample. It also provides a politically
diverse sample with three states currently having governors from the Democratic party (California, Louisiana,
and Minnesota) and four states having governors from the Republican party (Iowa, South Carolina, South
Dakota, and Tennessee). While this does not mean my results have widespread generalizablilty, it does

suggest that the results are not untowardly biased towards a certain region or political group.
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For the states where the data was collected at the school-district level, they were aggregated to the
county level and the ACT scores are the weighted county average results from the aggregated data. These
aggregated averages are weighted by the number of students who participated in the ACT in that school
district. The ACT data I use consists of various test score measures as well as the number of students
taking the ACT. For each of these states, I have the results for three school years: 2017-2018, 2018-2019,
and 2019-2020. This gives me the results of about 500 counties for each of the three years. For six of the
states, I have data for the four main sections (English, math, reading, and science) individually as well as
data on the composite scores. For my Louisiana data, however, I only have data on the composite scores,
so this state is only included in composite score analyses. For the optional writing section, I only have data
from one state (North Dakota), so I do not do any analysis on ACT writing scores. For six of the states, I
obtained participation data directly from the state’s department of education website. For North Dakota,
however, they only provided a range of the proportion of students who took the ACT. In order to calculate
participation numbers for North Dakota, I used enrollment data for the desired year and multiplied it by
the conservative (lowest) proportion of the range.

Looking at the number of students taking the ACT, COVID-19 seems to have a negligible effect on
participation. This is important, because, in order for the results of a difference-in-differences analysis to be
meaningful, conditions that are not the variable of interest in the pre-treatment and post-treatment period
should be as equal as possible. If the conditions are not equal, then the changes should, at least, have
reasonable arguments that the treatment (in my case COVID-19) is not the cause of the changes. I check if
there is any effect on the education outcomes that may be caused by COVID-19 in 2020 through a channel
that is not the shift to online learning. In this situation, the number and composition of participation
for my education outcome variables is one of these possible channels. However, if there seems to be no
disproportionate change in 2020 compared to previous years then the DID analysis has a stronger argument.

Looking at the data presented in Figure[3] five of the seven states have relatively flat participation trends
with similar number of students taking the test across all three school years. In California, there is a decrease
in the number of test takers between 2019 and 2020, but that decrease is similar to the decrease seen between
2018 and 2019 indicating that it is probably a general time trend and not a COVID-19 related decline. These
visual arguments are supported by the data as well. There is only minimal difference to the mean change
in the number of students taking the ACT test for each state between the different school years for six of
the states (Table . The only state that does not have a consistent trend across all three years is South
Carolina, where participation in 2020 is similar to participation in 2019 (a mean decrease of only about 34
students), but where participation in 2019 saw a sharp decline from participation in 2018 (a mean decrease
of about 383 students). However, it seems unlikely that COVID-19 would be responsible for this slowdown
of the trend in the participation of ACT scores for South Carolina, therefore I keep it in my data.

Along with the relatively consistent participation numbers indicating COVID-19 had a negligible effect

on the quantity of participation, it also seems unlikely that the composition of the participants would
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Figure 3: Number of students taking the ACT in each year
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Table 1: Mean change in ACT participation
State Change from 2019 to 2020  Change from 2018 to 2019  Difference in the changes
California —298.90 —302.22 3.32
Towa 8.03 —8.67 16.70
Louisiana —23.94 —8.69 —15.25
Minnesota —24.57 —18.92 —5.65
North Dakota —2.96 4.73 —7.69
South Carolina —33.57 —383.48 349.91
Tennessee —13.20 6.87 —20.07

have changed either. While I do not have data on the “quality” of the students taking the ACT, there
is no indication that selection bias would have taken place due to COVID-19. Looking at national ACT
statistics, there appears to be little change in the students who take the ACT between 2018 and 2020 both
in race and gender composition (ACT, Inc., ACT, Inc., . While this is not county-level data, it

seems reasonable that county-level trends in composition would mirror the unchanging national trends in
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composition over time. Additionally, taking the ACT is mandatory for most schools in two of the states
within my data (Louisiana and North Dakota) and either the ACT or SAT is required for most schools in
Tennessee. The use of ACT data in this analysis can be further motivated by empirical reasons. Because the
ACT has subject based sections, it is likely to be more impacted by changes in how students learn from their
teachers and the quality of time spent in class than similar college readiness tests like the SATs. Additionally,
because it is a national standardized test, the results are comparable across counties and states.

However, there are a few potential drawbacks to using ACT data. While high school students in the
United States can take either the SAT or the ACT, and both are accepted by almost all United States colleges
and universities, each state tends to have a preferred test. Students generally take the test preferred in their
state and these preferences tend to be regional so the sample of students who take the ACT may not be
representative of the entire US high school population. The SAT and ACT are also designed to test different
subjects, skills, and abilities so students may self-select into the test that matches their skill set. This could
lead to different kinds of students taking each test. While these are both concerns to be considered and may
reduce the external validity of the results, it does not diminish the results in the context of ACT test takers
from the sampled states. Furthermore, while self-selection may be an issue when dealing with cross-sectional
analysis of ACT scores, it should not have an effect on the difference-in-differences analysis used in this paper
as long as the the self-selection does not fluctuate across years due to COVID-19 (which seems unlikely since
participation and composition remained fairly consistent) and as long as any self-selection is not correlated
with internet quality. Since college-readiness test selection would seems to be primarily driven by innate
ability and geographic location, it seems unlikely that this self-selection would correlate with internet quality.
However, I do not have the data to present formal evidence against any correlation, so it must be considered
when interpreting the results.

Another potential concern with the ACT data is the disruption caused by the COVID-19 pandemic.
Because of the rapid spreading of the virus in early spring across the United States, the initial test date on
April 4th, 2020 was rescheduled to June 13th, 2020 (The Princeton Review, 2020). While this rescheduling
may have caused some disruption to the testing schedule, I believe it has a negligible impact on my results.
Despite the pandemic, the ACT test remained an in-person test at a testing site and retained the same
structure and format as previous versions. Other than a few additional precautions due to the virus such as
more space between students, fewer students per room, masks being worn when not seated at the desk, and
greater availability of hand sanitizer, the process of the test was the same. Even the rescheduled test date
is unlikely to have a large impact as the June 13th scores are included in the data for the same year and it
does not seem to have affected participation rates (Figure . Additionally, because the ACT test remained
in-person and no aspect of taking the test involves online activity, I expect that there is no correlation
between internet quality and these changes to the ACT and therefore there is no effect on the error term.
Because there seems to be no correlation and the effects of the changes to the ACT are uniform across the

entire population, these changes are also unlikely to affect the analysis of this paper.
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4.3 AP Test Data

Another education outcome variable I include is Advanced Placement (AP) test scores. The AP test is a
standardized, subject-specific test taken at the end of certain high-level high school classes (referred to as
AP classes). These classes are based on a nationally standardized curriculum and are designed to be at an
analogous level to introductory college classes in that subject. At the conclusion of the class, the AP tests
can be taken to show mastery of the course material and, if a high enough score is reached, some colleges and
universities provide credits for AP classes in place of the equivalent introductory course. Different colleges
and universities have different policies and minimum AP scores for accepting the tests for credit. The AP
test is scored on a 1-5 scale with 5 being the best score. Each AP test is focused on one subject, but there
is a wide range of potential AP tests from a variety of subject areas. Because AP tests are based on the
material learned in a class, AP test scores are likely a good measure of how well students learned from their
teachers and in their classes. Additionally, because it is a standardized test and the classes are based on a
nationally determined curriculum, the scores allow for greater comparability across counties and states for
schools that have the AP system.

For my AP scores, I have data from seven states: California, Kentucky, Louisiana, Massachusetts, North
Carolina, South Carolina, and Wisconsin. Like the ACT data, I have a relatively diverse sample for my
AP data as well. The AP data is geographically diverse as it includes states from the West (California),
Midwest (Wisconsin), South (Louisiana), Southeast (Kentucky, North Carolina, and South Carolina), and
Northeast (Massachusetts). While less politically diverse than the ACT scores data, the AP test scores data
also provides some political diversity with five states currently having governors from the Democratic party
(California, Kentucky, Louisiana, North Carolina, and Wisconsin) and two states having governors from the
Republican party (Massachusetts and South Carolina). Similar to the ACT data, this is not meant to suggest
that there is high external validity, just that the results are not too geographically or politically biased.

Similar to the ACT data, the AP test data comes from collecting data from individual state departments
of education and, for all but one state, is at the county or school-district level. Data collected at the school-
district level is aggregated up to the county level and the AP test scores are the weighted average scores
for the county. For South Carolina, the data was only available at the school level. For this data, I first
aggregate up to the school-district level using weighted averages, and then aggregate up to the county level
in the same way as the other school-district-level data. For the AP data, all the aggregated averages are
weighted on the number of AP tests taken.

While T would ideally like to construct my AP test scores variable using the absolute test scores by
subject, the structure of the data I have access to has restricted the form that this variable can take in two
main ways. First, while there are many types of AP tests that can be taken, I do not have access to test
or subject level data for some states. For these, I only have some measure of the aggregated AP scores.
Because of this, my AP scores variable is an aggregation of all of the tests taken, regardless of the subject.

Despite the wide range of AP tests in the data, this aggregation should not be an issue since there is only a

21



negligible change in the number of AP tests taken across the years and the distribution of the test subjects
taken changed insignificantly (College Board, |2018;College Board, [2019; College Board, 2020a). Another
data limitation I have is that, for several states, they present their AP scores as a percentage of students
who who achieved a “qualifying” or “passing” score (a 3 or better on the exam) instead of showing the
number of tests that achieved each score. While I would ideally prefer to run my analysis on the distribution
of the actual scores achieved, this limitation in the data has led to my AP scores variable being constructed
as a percentage of students with “qualifying” scores. For the states where the data is the full distribution
of scores, I construct the AP scores variable by summing the number of tests that scored a 3, 4, or 5 and
divide it by the total number of tests taken.

Apart from the structural issues in the data that restrict the format of my AP test scores variable, there
are also some potential empirical issues with AP test scores that should be considered. First, there is no
hard cap on the number of AP tests a student can take in a year. While each student can only take a specific
AP test once, it is common for students to take multiple AP tests each year. While this multiple test taking
could compound sample bias in my analysis should the make-up of the students differ across years, there is
no evidence to suggest that the type of students differed.

Another potential issue in the AP test score data is the effect of COVID-19 on the tests. Similar to
the ACTs, the 2020 pandemic disrupted the testing process for AP tests, however it did not change the
date of the AP tests. They still took place on the scheduled dates, with all the tests being given sometime
between May 11th and May 26th (College Board, [2020b). However, unlike previous years, the AP tests for
each subject took place at the exact same time across the globe in order to reduce the chance of cheating.
Along with the time change, the format of the AP tests changed. Instead of the normal two-hour exam with
multiple choice and essay questions taken in schools the exam shifted to a 45 minute at-home, online exam
with only essay questions (Hess, [2020; West and Johnson, 2020). Because it was taken at home, for 2020
only, the test required access to the internet to be taken which could lead to issues when trying to isolate
the effect that internet quality from shifting to online learning had on the AP scores from any other effects
due to these changes. However, even with the shift to taking the exam at home and online, I do not believe
there should be a significant impact on the results as I expect any effects caused by this shift to be minimal
in magnitude, relatively uniform across groups, or not correlated with the error term.

The first potential issue with the shift to the truncated, online AP exam revolves around access to the
exam itself. Students in areas with low or no internet access may be unable to access the test or have trouble
through the actual testing process. While this is definitely a concern, College Board (the organization
that runs the AP tests) attempted to help remedy this situation by providing loaner devices and WiFi
to schools and communities who requested it (Richards et al., |2020). This would help reduce the gap in
the conditions of test taking, but would not impact the internet quality effect on online learning since it
was temporary and installed shortly before the exams were to be taken. There also seems to be little to

no change in the participation numbers of AP tests. Looking at Figure |4 there appears to be relatively
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consistent participation from 2018 to 2020 for six of the seven states I have data for, with California being
the only state that sees a noticeable decline. However, even the decline for California is unlikely a problem
as there is both no evidence that the decline is due to the onset of COVID-19 and the decline represents
only a small decline in the percentage of the total tests taken (approximately 5%) which is even smaller
when compared to the entire population of California high school students. Looking at the mean change
in AP participation (Table , there is further evidence to support the minimal change in participation.
Only two states have a difference in average county mean changes of more than 130 students (California
and Massachusetts) and these mean changes are driven by large urban centers in both states. Any change
in participation unrelated to issues with accessing the test is also less likely to be caused by COVID-19
as students choose AP classes to take at the end of the previous school year which would be prior to the
onset of the COVID-19 pandemic. Along with little change in participation, the AP test saw little change
in the composition of students taking the tests. While I do not have county-level data on the composition,
the national test statistics show roughly similar student demographics for AP class composition and AP
test participation composition (College Board, College Board, College Board, . Since AP
participation and composition remained fairly consistent, the change in the format of the AP tests seems to

have a negligible effect on who takes the AP test.

Figure 4: Number of AP tests taken each year

600,000 1
State
@ —e— California
c
% —o— Kentucky
= J
= 400,000 ~o— Louisiana
G
= Massachusetts
_E —e— North Carolina
2 —e— South Carolina
—e— Wisconsin
200,000 1
ol - _
2018 2019 2020
Year

N = 498 counties

The timing of the exam is another disruption in the AP test process, however, this should not be

problematic either. While each AP test was changed to be taken at the same time across all time zones,
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Table 2: Mean change in AP participation

State Change from 2019 to 2020  Change from 2018 to 2019  Difference in the changes
California —699.5 34.2 —733.7
Kentucky —62.7 —77.9 15.1
Louisiana —98.9 30.4 —129.3

Massachusetts —180.2 55.2 —235.5

North Carolina —86.4 —55.5 -30.9

South Carolina —82.0 35.4 —1174
Wisconsin —274 —19.0 -84

the timing of the exams were normal school times for students located within the United States, where the
vast majority of the students in my dataset are located. Having the exams taken at the same time should
only affect students from drastically different time zones of which international schools with AP programs
would not be included in my data. The only international students that would be in my data would be
ones enrolled in US high schools, generally as exchange students, and they would consist of a a very small
portion of the student population. Therefore any effect from this is expected to be negligible. Additionally,
any effect from this problem is independent from internet quality as it should affect international students
uniformly and thus it would not correlate with the error term.

Other potential issues revolve around the test-taking process itself. There could be some concerns that
having lower internet quality could affect the actual testing conditions. However, because of the design of
the test, I do not think that this has any measurable effect on the results. The shift in format to one or two
essays and the reduction in the timing of the test should not be an issue as it affects all groups uniformly
and is uncorrelated with internet quality. Taking the test online, while directly connected to the internet,
I expect to have negligible differences in effect across students with dissimilar internet quality. First, while
the questions are online, internet speed should not be a large concern as each test only has one or two
essay questions which are presented on one or two website pages. This means that there is minimal toggling
between pages and limited amount of time spent waiting for pages to load. Therefore, even students with
slower internet should not lose more than a few extra seconds compared to their peers with faster internet.
Similarly, students were allowed to use the internet, as well as their notes, to search for answers during
the test. If internet searching can lead to better test scores, then there would likely be correlation between
the residuals of the analysis with internet quality as students with access to faster internet could search for
information faster and thus have more time to write the answers. However, I do not believe this is an issue as

College Board claims that the restricted time for the test and the nature of the questions limits the efficacy
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of searching on the internet (Kircher, [2020).

Additionally, students had the option to either type the answers into the online test or to write the
answers and upload them as pictures. This further mitigates any internet issues around test taking as only
limited computer skills are necessary for taking the test. However, due to the correlation between typing
abilities and internet quality (see Aydin, 2021} Heerwegh et al.,[2016)), one potential problem is that students
with better technological skills can type faster than they can write (see Mogey and Fluck, [2015]). This would
mean that these students could write more in the allotted time than they otherwise would have if handwriting
and they could potentially write more than their peers who are handwriting. However, I do not feel that this
is too problematic either, both because the short time period for the reduces the benefit of this faster writing
and because the scoring of the writing is not based on length but based on the strength of the arguments.
Therefore, short, well-written essays would score better than long essays with weaker arguments.

By far, the most likely problem to affect my results is issues with submitting the exam. Due to the
short time between the onset of the pandemic and the scheduled AP test dates, College Board had little
time to adapt the exams to an online format, and there were bugs in the system, particularly in regards to
submitting the tests upon completion. There were approximately 10,000 students who failed because they
were unable to submit their exams correctly or in a timely matter due to these issues which led to public
backlash about the exams and a civil suit (Richards et al.,|2020; Snouwaert, [2020). However, I do not believe
that these submission issues should cause problems with my data either. While 10,000 students were affected
by the submission issues, that was less than 1% of all the AP test takers in May 2020 (Richards et al.,|2020)).
Since it is such a small percentage of test takers that were affected, it should have a minimal effect on my
results. The effect on my results is further mitigated by the fact that College Board attempted to remedy
the situation by allowing those who face submission issues to retake the exam for free in June and these
results are also in my dataset (Snouwaert, 2020). While retaking the exam is not ideal and could lead to
some bias in this small portion of the population due to differing testing conditions, I expect that it has a
smaller effect than if all of these students had failed. Another reason for why this submission problem should
have only a negligible impact on my results has to do with who was affected by submission issues. While
internet quality did cause some of the submission issues with students with lower quality internet more likely
to face submission issues due to lower internet speeds, another major submission problem was related to
the format of uploaded pictures. Specifically, students using newer iOS devices (such as iPhones) to upload
pictures of their exams found that the format of their phone pictures were not accepted by the AP test
online portal (Chin, 2020). Students facing this type of submission issue were more likely to be from higher
socioeconomic families (as it affected newer, more expensive technology), and higher socioeconomic families
are more likely to live in areas with access to better internet quality (Wei and Hindman, [2011)). Because
of this both students with low-quality internet and students with high-quality internet were affected by the
submission issue. While I do not have access to data on the exact percentage of students affected by each

problem, the evidence suggests that students from counties of both high-quality and low-quality internet
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were affected to some extent, reducing any disproportionate effect on one of the groups meaning there would
be an even smaller impact on my results from this submission issue.

While I do not believe these testing changes should affect the results of this paper to any significant degree,
unequal testing conditions is a potential externality where the impact is difficult to discern. While there is
some variation in testing conditions every year as students normally take AP tests in their schools and schools
provide different testing environments, the COVID-19 pandemic could have created more disparity in testing
conditions with students with low-quality internet more likely to face more difficult testing conditions. Since
students had to take the exams at home in 2020, some students may face conditions that are unfriendly for
test taking. For example, some students may have noisy households if many young siblings are studying from
home and this could make it more difficult to take the exam (Richards et al.,[2020; West and Johnson, 2020)).
While the shorter length of the AP test should minimize any effect from this, it should still be considered

while interpreting the results of this paper.

4.4 Graduation Rates Data

The final education outcome variable I use is high school graduation rates. Graduation rates are measured
as the percentage of students from a given cohort who meet the requirements to complete high school. I use
four-year graduation rates which is the proportion of students who complete high school requirements in the
standard four years. I include graduation rates because they provide a good balance to the standardized
test data. Unlike standardized test scores which would generally have greater participation from and thus
effect on the higher achieving students, changes in graduation rate would likely be caused by changes in the
lower achieving students. Additionally, all high schools within the United States have graduation rates and
graduation rates are calculated the same way across all schools making it good for comparison. The way
graduation rates are calculated remains constant across years and is unaffected by the COVID-19 pandemic
in terms of the construction of the variable.

As with the other education variables, the graduation rate data comes from collecting data from individual
state departments of education at a county or school-district level. For states where I collect the data at
a level smaller than the county level, I aggregate both the cohort size and the number of graduates to the
county level and then recalculate the graduation rate by dividing the aggregated number of graduates by
the aggregated cohort size. For the states that did not provide graduation rates but do provide number of
graduates and cohort size, I calculate the graduation rates in the same way. All the graduation rates are the
weighted average rates for the county and are converted to percentages. Along with graduation rate data, I
have data on the size of the cohort for most of the states in my data. This data was also collected at either
the county level or at the school-district level and then aggregated to the county level.

I have graduation rate data from 16 statesﬂ Alaska, California, Colorado, Florida, Georgia, Idaho,

3T also have graduation data from Wyoming, however, I do not include these observations in my results because Wyoming

is one of two states (along with Montana) that did not have statewide school closings.
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Illinois, Kansas, Kentucky, Nebraska, New York, Ohio, Oregon, South Carolina, Washington, and Wisconsin.
Similar to the other education outcome variables, I have a relatively diverse sample for my graduation rate
data as well. This data is geographically diverse as it includes states from the West (California, Colorado,
Idaho, Oregon, and Washington), Midwest (Illinois, Kansas, Nebraska, Ohio, and Wisconsin), Southeast
(Florida, Georgia, Kentucky, and South Carolina), and Northeast (New York) as well as one state outside
the contiguous United States (Alaska). The South is the only major geographic region that this sample
does not have any states from. The graduation rate data is also a political diverse sample with nine states
currently having governors from the Democratic party (California, Colorado, Illinois, Kansas, Kentucky,
New York, Oregon, Washington, and Wisconsin) and seven states having governors from the Republican
party (Alaska, Florida, Georgia, Idaho, Nebraska, Ohio, and South Carolina). The geographic and political
diversity in my sample does not improve the generalizablilty of my results, but it does suggest that the
results are not untowardly biased.

Similar to the ACT and AP data, I look at the change in cohort size over my three year time period to see
if there is any potential COVID-19 effect that may result on changes in the sample for the 13 states I have
cohort data for (with Florida, Illinois, and Kansas excluded because no cohort data was available for them).
For standard cohort data, this would be trivial as cohort size would be determined when a class enters high
school four years before graduation. This would mean that COVID-19 could not impact baseline cohort
sizes as they would have been predetermined. However, the graduation rates presented by the states and
the rates that I calculate utilize adjusted cohort size as opposed to baseline cohort size. Adjusted cohort size
can change during the four years of high school as it alters the cohort size to compensate for non-academic
reasons for students not graduating from a school such as removing students who transfer out or die and
including students who transfer in during their high school years. While these changes are likely to be small,
there still is a potential that COVID-19 could affect cohort size. Therefore, I check to ensure the trends
don’t change dramatically across years.

First, through visual inspection, there does not to be any significant changes in cohort size across the
years for any state (Figure . This is expected as at least part of high school is mandatory in the United
States so most high-school age children should be included in the cohort. This would also suggest that any
small changes in cohort size is unlikely due to COVID-19 and is more likely due to shifts in the population of
high-school age children. This is also supported by the quantitative evidence. In Table 3| the mean change
in county cohort size by state is presented. Looking at the difference across years, most states see very little
change, with the mean cohort for counties changing by less than thirty students for thirteen of the fourteen
states presented. The only state to exceed thirty students is New York, which had a mean change in the
county cohort size of 54.8 students. However, even this number is relatively small if considered in the context
of the large populations some New York counties have (such as the five boroughs in New York City). Based
on these arguments, it seems unlikely that COVID-19 has had any more than a negligible effect on adjusted

cohort size.
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Figure 5: Number of students in each adjusted graduation cohort
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Despite the evidence against COVID-19 affecting cohort size, I acknowledge that there are some other
potential limitations in my graduation rate variable. Unlike standardized test scores, which are administered
and governed by a central body creating universal standards for all the tests taken, graduation rates are
subject to more subjective bias and differences at the micro level. While federal and state education guidelines
provide an overview of the expectations of a high school graduate, these are difficult to consistently enforce
at the individual school level. Additionally, the requirements for passing classes are often left to the decisions
of individual teachers which can lead to variation in graduation requirements. While any time consistent
county-level variation would not affect my analysis (due to the difference-in-differences method), there is the
potential for time inconsistent variation, particularly with the disruption caused by the COVID-19 pandemic.
Some teachers may have lessened requirements or given extra leeway for students due to the trying nature
of the lockdown. This would be problematic to my analysis if teachers offer disproportionate amounts of
latitude to students based on their quality of internet. For example, if teachers systematically lessened
requirements for passing classes for students who had poorer internet connection because they knew the
lower quality internet made learning more difficult, this would bias my results. While I have not found
any explicit evidence indicating a disproportionate shift in grading or graduation requirements, it cannot be

ruled out and must thus be considered when interpreting the results in this paper.
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Table 3: Mean change in graduation cohort size

State Change from 2019 to 2020  Change from 2018 to 2019  Difference in the changes
Alaska —11.5 -3.5 —8.0
California —67.4 -71.1 3.7
Colorado 9.8 15.0 —5.2
Georgia —14.8 11.8 —26.6
Idaho 4.3 5.6 —-1.2
Kentucky —7.6 1.3 —-8.9
Nebraska 5.9 1.6 4.4
New York 10.1 —44.8 54.8
Ohio 7.2 28.3 —21.1
Oregon —12.3 3.5 —15.8
South Carolina —18.6 3.7 —224
Washington —13.3 6.7 —20.1
Wisconsin —79.6 —83.6 4.0

4.5 Control Data: COVID-19 Infection Rate

Along with my variables of interest, I collect data for my one control variable - county-level COVID-19
infection rates. This control variable comes from aggregated government data found on USAFactsﬁ I use
two datasets from USAFacts to construct my COVID-19 infection rate variable. First, I use county-level
COVID-19 data that includes a rolling sum of the total confirmed COVID-19 cases in the county beginning
January 22, 2020. This data is originally sourced from the CDC (Center for Disease Control) and county
and state health departments. The second dataset consists of county populations in 2020 which is originally
sourced from the United State’s Census Bureau.

These two data sets are combined to create my county-level COVID-19 infection rate variable. First, I
find the average daily confirmed cases per county during a three-month period (April 1, 2020 to June 30,
2020). I chose this period because this overlapped the time that most schools shifted to online distance
learning as well as overlapped the time when the ACT and AP tests were taken. With the average daily
confirmed cases over the 91 day period, I then transform it into infection rate by dividing it by the county
population from the other data set. I then multiplied it by 100,000 to get the infection rates per 100,000

residents, which is a common format used in medical science. This COVID-19 infection rate per 100,000

4 USAFacts is a non-partisan, non-profit website that collects and aggregates data from various US government agencies for

the purpose of increasing the accessibility of data and expanding analysis of government policies.
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residents for each county is my COVID-19 control variable.

I include county-level COVID-19 infection rate as a measure for the intensity of COVID-19 and the effects
of the pandemic on each county. I feel this control is necessary because areas were affected disproportionately
by the pandemic with different numbers of people being infected. The varying intensity of the pandemic
could have had non-uniform effects on the different counties in the United States leading to an impact on
the education outcomes I look at that is not related to the shift to online distance learning. For example,
students and teachers in counties with greater COVID-19 infection rates per 100,000 people are more likely
to have to miss class, even online class, due to the virus, which is likely to impact education outcomes
independent of the shift online. Additionally, students in counties with higher infection rates may face more
emotional difficulties as it is more likely that they would personally know people who contracted the virus.
A final reason is that schools were not closed for the exact same length of time. While school closures
happened approximately at the same time (around late March), there was some variation (EducationWeek,
2020). Controlling for the infection rate, which would measure the intensity of the virus in an area, can also
proxy for the length of time schools were closed as counties with higher infection rates were likely closed

earlier and longer. For these reasons, I include the county-level COVID-19 infection as my control variable.

5 Method

5.1 Specification

For my analysis, I use a difference-in-differences method in order to measure the effect of inequality in
internet speeds on education outcomes. DID analysis is a quasi-experimental design that attempts to create
a pseudo-natural experiment using preexisting data. It does this by looking at a particular event and two
groups - a group affected by the event (treatment group) and a similar group that was unaffected by the
treatment (control group). It then compares the difference between the control group before and after the
treatment and the difference between the treatment group before and after the treatment. In theory, this
allows for a DID estimator that has group effects and time effects partialled out, allowing for the true effect
of the treatment to be seen. However, DID is not a perfect estimator and caution should be taken when
using it especially with regards to the underlying assumptions (Kahn-Lang and Lang, |2020)), the pre-trends
analysis (Roth, [2018), and potential endogeneity of the interventions (Bertrand et al., [2004)). Despite these
potential concerns, DID is a widely used econometric tool that, according to |Angrist and Pischke (2010)), is
“probably the most widely applicable design-based estimator”.

For the DID specifications in this paper, I use internet speeds as my “treatment” and the 2019-2020 school
year as my “post-treatment period”. Within my analysis, I have two pre-treatment periods (2017-2018 and
2018-2019 school years) and one post-treatment period (2019-2020 school year). While the differences in in-
ternet quality would have existed prior to the 2019-2020 school year, I argue that it would have had a much

more negligible effect on education outcomes while schools were in person as was the case for the entirety
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of the 2017-2018 and 2018-2019 school years. However, once schools moved to online distance learning in
the latter half of the 2019-2020 school year, differences in internet access would have had a much greater
effect. I run separate regressions for each of my education outcome variables. Since there is no evidence
of a pre-trend effect (see Section 7 I use a difference-in-differences specification that does not include a
pre-treatment time trend. I use two different DID specifications for my analysis with a specification using a
continuous internet variable denoted as Specification 1 and a specification using a binned internet variable

denoted as Specification 2.
Specification 1

The first specification breaks from the traditional DID model structure as it treats internet quality, proxied
by median download speed, as a logged, continuous variable. Because of this, it does not have a distinct
divide between the control group and the treatment group, creating a difference-in-differences specification
that is generalized. However, this DID specification with a continuous treatment variable is relatively com-
mon in the literature, with a number of papers using a similar specification, most notably the |2004] paper
by [Acemoglu et al.| My specification is loosely based off of the model in the |[Acemoglu et al.| paper, how-
ever, instead of including individual characteristics into the regression equation, I run my regression as a

county-level fixed effects specification. This specification, using county-level fixed effects, is expressed as:
eduye = $1-2020yeary. + Pa2-(Downloadspeed, x2020yeary.) + ac + €yc (1)

where y indexes the year and c¢ indexes the county. The dependent variable, edu is the education variable
of interest. the regressors are 2020year, a dummy variable for 2020 (pandemic year), and the interaction of
the 2020 dummy variable with the log of the median max advertised download speed. The county-level fixed
effects are represented by a. and the error term is represented by e.

For this specification, the interaction term is an interaction between a continuous variable and a dummy
time variable. This breaks from traditional DID specifications as there is no reference group (“control”
group) built into the specification, so group effects are not partialled out by the interaction term. To remedy
this, I use county-level fixed effects. The fixed effects model is a commonly used method for removing the
unobserved, time-consistent effect of observations or clusters in panel data (Wooldridge, 2012). A fixed
effects transformation is a method of running a regression where the effects of each unit in the fixed level are
partialled out from the regression results prior to estimation. This is essentially the equivalent of running
the regression with dummy variables for each unit in that level. For my regression, I use county-level fixed
effects, which is the observation level of my data. In this case, running county-level fixed effects is equivalent
to having a dummy variable for each county, thus partialling out all time-invariant effects. Because of this,
both the non-interacted continuous internet variable and the control variable, COVID-19 infection rate, are
co-linear with the county-level fixed effects, so they are dropped from this specification.

In the analysis of this paper, 85 is the DID estimator, the coefficient on the interaction term between
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internet quality and 2020, the year of the pandemic when classes shifted online. In Specification 1 (Equation
, this is the coefficient on the interaction between the 2019-2020 school year and the logged, continuous
variable of median download speeds (2020year*Download speed). Unlike standard DID analysis, the S co-
efficient in this specification has a different interpretation. Because it is an interaction between a continuous
variable and a dummy variable, there is no standard “control” group used as a reference group. Instead,
what this interaction term indicates is how having improved internet quality in 2020 changes differently
from having improved internet quality before 2020. Essentially, 82 on this interaction term represents the
difference between the change in the education variable in 2020 compared to earlier years (2019 and 2018) for
each one unit increase of logged internet quality. This means s in this specification is not a fixed difference
between groups and therefore this specification requires the use of a fixed effects model, unlike traditional
DID analysis. Based on my hypothesis, I expect the sign of this coefficient to be positive indicating that,
as the internet quality in a county increases, students are more likely to comparatively perform better on
the education outcomes. This would be analogous to saying that counties with low quality internet are

comparatively more likely to be affected negatively.
Specification 2

The second specification follows the traditional DID structure as it uses a dummy variable for internet
quality where observations are binned into low-quality-internet and high-quality-internet groups determined
by a internet download speed cutoff of 50 Mbps (discussed in Section . In this specification, the internet
quality dummy variable equals 1 if the observation is in the low-quality group and 0 if the observation is in

the high-quality group. This specification is expressed as:
eduye = o + ag-2020yeary. + f1-Lowquality. + B2 - (Lowquality. x 2020yeary.) +v1-COVIDratey. +€yc (2)

where y indexes the year and ¢ indexes the county. The dependent variable, edu is the education variable of
interest and the regressors are 2020year, a dummy variable for 2020 (pandemic year); Lowquality, a dummy
variable that equals 1 if the median max advertised download speed of a county < 50 and 0 otherwise;
and the interaction of those two regressors. COV IDrate is the control variable for county-level COVID-19
infection rate, ; is the coefficient for the control variable, and € is the error term.

In specification 2 (Equation , B2 again represents the DID estimator and is the coefficient of interest.
In this specification, it is the coefficient on the interaction between the 2019-2020 school year and the
dummy variable for low quality internet (2020year*Low quality). In the second specification, this coefficient
represents the fixed difference between the groups and the years with time invariant effects and group fixed
effects partialled out. This is the DID estimator for the standard DID model, where the coefficient looks
at the vertical difference between the actual results of the treatment group and the counterfactual results
determined by the state of the control group. In this specification, the By coefficient is the standard DID

estimator since internet quality is binned into low-quality and high-quality groups. Therefore, 35 shows if
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the expected mean change from pre-COVID-19 to post-COVID-19 is different between low-quality internet
group (treatment) and the high-quality internet group (control) and the magnitude of the difference of the
differences after the control variables are partialled out. Based on my hypothesis, I expect the sign on this
coefficient to be negative. This would indicate that students in counties in the low-quality internet group
are comparatively more likely to be affected negatively because of the shift to distance learning.

For the second specification, I use the control variable, COVID-19 infection rate. Because of the structure
of difference-in-differences analysis, effects of time-invariant variables are partialled out of the coefficients
of interest and thus do not need to be controlled for. Therefore, only variables that may change overtime
differently for counties of varying internet speeds need to be controlled for. Because of this, I focus on
one control variable in my analysis - COVID-19 infection rate. Since COVID-19 was a disruptive event
that affected states and counties differently, I include a control variable that indicates the extent to which
a county was affected by COVID-19. I use the infection rate as a measure for COVID-19 intensity. This
control is included in Specification 2 regressions for all education outcome variables.

While I believe the control for COVID-19 infection rate is essential, I also intentionally limit the number
of controls used. Standard DID specifications include implicit controls for time and group effects and the
use of an interaction term reduces researcher degrees of freedom. Thus, as |[Kahn-Lang and Lang| discuss
in their [2020| paper, “with limited data, we face the usual risks of overfitting and loss of power when we
try to address potential correlation with the error term by including further controls.” Because of this,
minimizing the number of controls included while still including all the necessary variables helps to prevent

any overfitting problem.

5.2 Standard Errors

Within difference-in-differences specifications, there is no general consensus on the correct approach to take
for formulating the standard errors and taking the wrong approach has the potential to generate incorrect
standard errors that lead to misleading interpretation of the results (Wing et al., [2018)). For example, in
their 2004] paper, [Bertrand et al.| argue that the commonly used OLS standard errors, even corrected for
within group-time correlation, is not adequate for DID analysis except under certain restrictive conditions as
these specifications often suffer from serial correlation issues. Having a small number of clusters complicates
the standard error analysis further. For example, Bertrand et al.| propose a few alternative options, including
block bootstrapping standard errors, however, this method requires a large number of clusters to be a viable
option. |Donald and Lang| (2007) further this discussion by arguing that many of these standard-errors
methods are even more inaccurate when the number of DID clusters is small. They claim that, when
the number of groups is small, which is common in many DID specifications, standard errors formulated
from more traditional methods are not normally distributed and thus alternative methods for obtaining the
standard errors is needed. |Cameron et al.| (2008)) also discusses issues with analyzing DID results with small

number of clusters. Using Monte Carlo simulations, they show that the often-used cluster-robust standard

33



errors result in over-rejection of the null hypothesis when the number of clusters is small. They also argue that
the normal method for bootstrapping standard errors is also insufficient for correcting formulating standard
errors when the number of clusters is small. Because of the limited data availability for the education
outcome variables, there are a small number of state level clusters within my data (seven states for both
ACT and AP data and 17 states for graduation rate data). Therefore, the more traditional methods of
formulating standard errors, such as robust, cluster-robust, and pairs bootstrapping standard errors, are not
adequate for my analysis. Various alternative approaches have been proposed for DID analysis with a limited
number of clusters. One alternative is to use wild cluster bootstrapping. |Cameron et al.[(2008) find that wild
cluster bootstrapping works particularly well for DID analysis with a small number of clusters, especially
when compared to alternative approaches. The authors find that this method, a cluster generalization of the
standard wild bootstrapping method, performs well even with as few as six clusters and that there is little
loss in power after accounting for size.

However, despite a focus by some of these authors to utilize clustering of standard errors in DID analysis
and (Cameron et al.[s proposal to use wild cluster bootstrapping, the use of clustering has received mixed
reviews more recently. While clustering standard errors had been common practice in samples where ho-
mogeneity is expected within clusters but heterogeneity is expected across clusters, arguments against their
use have gained support in recent years. One pivotal paper looking at rethinking the clustering of standard
errors is by |Abadie et al| (2017). These authors argue that clustering in economics has become too common
and has led to overly conservative standard errors. They suggest that clustering should be used only if one of
two criteria is met - there is clustering in the sampling process or there is clustering in the assignment mech-
anism. Clustering in the sampling process is when a cross section of the population is created by randomly
selecting from subsets of that population. Since the data in this paper consists of all counties where the data
was available, there is no clustering in the sampling process. Clustering in the assignment mechanism occurs
when the treatment effect is applied to grouped subsets of the data rather than applied to the individual
observations. Within this paper, there is no need to cluster due to the assignment mechanism, since internet
quality is usually assigned at the household level and even more general internet speed assignment (due to
infrastructure) is assigned at the municipality level (Riddlesden and Singleton, 2014)). Since both household
and municipal internet assignment are lower geographic areas than the county-level data used in this paper,
I do not need to cluster because of the assignment mechanism. Since the data in this paper does not meet
either of the criteria posed by [Abadie et al., I argue that there is no need to cluster the standard errors.

Following from this research, particularly the papers by |Cameron et al.|and |[Abadie et al] I use the wild
bootstrapping method without clustering for the standard errors in my analysis. Unlike traditional statistical
testing which compares test statistics to known distributions that are only approximately comparable to the
true distribution, “bootstrapping” is a statistical tool in which simulated datasets are created by generating
bootstrap samples (simulated draws) that mimic the distribution of the original sample and a test-statistic

is then computed for each of these simulated datasets (Roodman et al., 2019). Bootstrapping can work
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well in many situations and the only main requirement for it to work is that the distribution of the test
statistics must by asymptotic. The actual distribution does not need to be known or approximated ex-ante
(MacKinnon, 2006). If the form of the heteroskedasticity of the standard errors is unknown, then wild
bootstrapping, first proposed by Wu| (1986)), is one of the best methods available for adjusting the standard
errors (MacKinnon, [2009). For the purposes of this paper, I specify the wild bootstrap method using the
Rademacher distribution. This is one of the simplest specifications as the error term can only take one of two
values (-1 or 1) with equal probability. Despite its simplicity, Davidson and Flachair| (2008), using a series
of simulation experiments, find that using the wild bootstrap with the Rademacher distribution is generally
better and is never worse than using wild bootstrap analysis based on other distributions. They propose that

using this form of wild bootstrap analysis should provide satisfactory inference in most practical contexts.

5.3 Parallel Trends Assumption and Pre-trend Analysis

Before running the difference-in-differences analysis, I look at the viability of the parallel trends assumption
that is central to DID analysis. The parallel trends assumptions is the idea that, without the implementation
of the treatment, the various groups in the analysis would have developed in the same way. In practice,
this means that the difference between the various groups remains constant over time and that in the
counterfactual scenario where the treatment never occurred, the groups would have continued to have a
constant difference. This is called the “parallel trends” assumption because this constant difference between
the groups is represented as parallel lines in a figure that maps effect over time. In the context of this paper,
the parallel trends assumption assumes that, across the different levels of internet quality, the education
outcome variables have consistent trends in years prior to the COVID-19 pandemic and would have continued
on this same trend had COVID-19 never happened. If the parallel trends assumption holds perfectly, it
would indicate that the difference in the effect (change in the slope after the treatment) is due entirely to
the treatment implementation. Should the parallel trends assumption not hold, then it would be difficult
to discern what part of the effect is due to the treatment implementation and what part of the effect was
caused by some other exogenous effect.

While the parallel trends assumption is an important aspect of DID analysis, it can never truly be known
if the parallel trends assumption holds. This is because it is reliant on the premise the the counterfactual
situation (the scenario where the treatment never occurred) would have continued the same trends. Since, by
definition, the counterfactual situation never occurs, it is impossible to say with complete certainty whether
or not the effect trends would have remained consistent in the absence of the treatment. Despite a lack of
certainty around the parallel trends assumption, there are analytical practices that can be utilized to test
the viability of the parallel trends assumption. I use two main methods in order to explore the viability of
the parallel trends assumption within my analysis by looking a the pre-treatment trends. First, I present a
graphical representation of my data and visibly inspect the data for similar pre-trend slopes. Following the

visible inspection, I use a Granger-type causality test to see if there are any treatment effects on my sample
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in the years prior to the implementation of the treatment.
Visual Inspection

The first method I use to assess the viability of the parallel trends assumption is visual inspection. Since
my internet quality variable is a continuous variable, I bundle counties by median download speed in order
to see if there are parallel trends. For these figures, I bin the internet data into the two bundles discussed
in Section with one bundle being the low-quality internet bundle (< 50 Mbps) and the other being the
high-quality internet bundle (> 50 Mbps). Using the binned internet variable, I create event study figures
for each of my education outcome variables to observe pre- and post-COVID-19 trends.

For the ACT data, I look at the pre-trends for the scores on each of the four main sections as well as two
visualizations for the composite scores (one with and one without Louisiana data). The visual representation
of the data is seen in Figure @ The visualization of the composite scores (an average of the other four scores)
overall has a positive change from 2019 to 2020 due to the inclusion of Louisiana which only provides data
on composite scores. The visual representation of this data without Louisiana can be seen in the adjacent
panel and has a negative change from 2019 to 2020, which matches the trend of the four individual scores.
Looking at the pre-COVID trends in the ACT scores from 2018-2019 there seems to be similar time trends
between the high- and low-quality internet bundles for four of the five scores - English scores, math scores,
science scores, and composite scores. The similarity in the pre-trends for these variables provides evidence
that the parallel trends assumption has some viability, which allows for greater confidence in the results of
the DID analysis. Only the reading scores seem to have divergent pre-trends.

Looking at Figure[7] the time trends for the AP scores of the two groups seem to be less similar. From
2018 to 2019 the low-quality internet group is increasing and the high-quality internet group is decreasing.
In fact, both groups have the same average percentage of qualifying AP scores in 2019 despite the low-
quality internet group having a lower percentage in 2018 and the high-internet quality group having a higher
percentage. Despite the lack of similarity in the pre-trends in this visual inspection, this does not necessarily
mean that the difference-in-differences analysis for AP scores is invalid.

Looking at the event study figure for graduation rates, however, (Figure , both bundles seem to have
similar pre-COVID trends. Both the low-quality and high-quality internet groups have positive time trends
between 2018 and 2019. while the high-quality group might have a slightly greater increase, the pre-trends
still seem similar enough to not obviously violate the parallel trends assumption.

Based on the visual inspection of the data for my three education outcome variables, there does not
appear to be any obvious violation of the parallel trends assumption and even the variables with less similar
pre-trends (namely AP scores and ACT reading scores) have support in favor of the parallel trends assump-

tion from the Granger-type causality test (see below).
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Granger-type Causality Test

Along with the visual inspection, I also perform Granger-type causality tests to explore the efficacy of
the parallel trends assumption within my data. Granger-type causality tests look at whether or not there
are treatment effects on the outcome variables prior to the assumed introduction of the treatment. In the
case of this paper, I test to make sure that there is no treatment effect on test scores in the years prior to
the pandemic. Specifically, I look to make sure that difference in internet quality does not have a significant
impact on ACT scores, AP scores, and graduation rates between 2018 and 2019, the year before the imple-
mentation of my COVID-19 treatment and the shift to online learning. Should there be a significant effect,
it would suggest that my base assumption that internet quality has a negligible effect on education outcomes
before the pandemic does not hold which would invalidate the comparative analysis used in difference-in-
differences specifications. Additionally, significance in the coefficient on the pre-treatment periods in the
Granger-type causality test would indicate that the pre-trends are not similar and thus that the parallel
trends assumption likely does not hold.

For the Granger-type causality tests, I use two specifications, one for a continuous internet quality variable
and one for the binned internet quality variable. The first specification is for the continuous internet quality

variable and I use the following specification:

eduye = o + 01-:2019yeary. + d2-2020yeary. + ¢1-Downloadspeed. .+ 3
3
B1-(Downloadspeed. x2019yeary.) + Pa-(Downloadspeed. x2020yeary.) + €yc

where y indexes the year and ¢ indexes the county. For the variables, edu is the education variable of interest,
2019year and 2020year represent a dummy variable indicating 2019 and 2020 respectively, Downloadspeed
is the continuous variable of median max advertised download speed, and € is the error term.

The second specification is for the binned internet quality variable. In this specification, internet quality
is a dummy variable that equals 1 if the observation is in the low-quality group and 0 if the observation is

in the high-quality group. For these Granger-type causality tests, I use the a similar specification:

eduy. = o + 01-2019yeary. + d2-2020yeary. + ¢1-Lowquality.+ @
4
B1-(Lowquality. x2019yeary.) + fa-(Lowquality. x2020yeary.) + €y

where y indexes the year and ¢ indexes the county. For the variables, edu is the education variable of interest,
2019year and 2020year represent a dummy variable indicating 2019 and 2020 respectively, Lowquality is
a dummy variable that equals 1 if the median max advertised download speed of a county < 50 and 0
otherwise, and e is the error term.

For the purposes of these Granger-type causality tests, the coefficient of interest is 31, the coefficient on the
interaction between internet quality and 2019 (2019year*Download speed) in the first specification (Equation
3)) and the coefficient on the interaction between having low-quality internet and 2019 (2019year*Low quality)

in the second specification (Equation . For both specifications, in order to show that there are no pre-
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Table 4: Granger-type causality tests for specification 1 (continuous)

ACT scores
Composite  English Math Reading Science AP scores Graduation rate

2019year —0.164 0.071 —0.141 —0.037 —0.169 —0.163 0.482

(0.484) (0.631) (0.497) (0.526) (0.479) (4.615) (3.284)
2020year 0.115 —0.391 —0.421 —0.257 —0.251 5.174 0.076

(0.487) (0.635) (0.501) (0.529) (0.482) (4.645) (3.285)
Download speed (in logs) 0.059 0.049 0.019 0.036 0.015 0.477 —0.660

(0.066) (0.085) (0.067) (0.071) (0.065) (0.625) (0.443)
2019year*Download speed 0.002 —0.031 0.006 —0.010 0.010 —0.038 —0.043

(0.092) (0.119) (0.094) (0.099) (0.091) (0.886) (0.626)
2020year*Download speed —0.017 0.022 0.036 0.018 0.019 0.238 0.710

(0.093) (0.120) (0.095) (0.100) (0.091) (0.894) (0.626)
Constant 19.717**  19.136"**  19.865™**  20.417***  20.356***  42.752*** 85.273***

(0.345) (0.450) (0.355) (0.375) (0.342) (3.254) (2.325)
Observations 1,478 1,286 1,286 1,286 1,286 1,208 3,571
R? 0.003 0.003 0.003 0.002 0.002 0.032 0.008
Adjusted R? —0.0003 —0.001 —0.001 —0.002 —0.002 0.028 0.006

Note: OLS robust standard errors in parentheses.
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Table 5: Granger-type causality tests for specification 2 (dummy)

ACT scores
Composite  English Math Reading Science AP scores Graduation rate

2019year —0.186 —0.130 —0.139 —0.140 —0.151 —0.533 0.361

(0.152) (0.197)  (0.155)  (0.164)  (0.150) (1.430) (1.426)
2020year —0.031 —0.311 —0.268* —0.198 —0.175 6.745*** 4.918***

(0.152) (0.197) (0.156) (0.165) (0.150) (1.441) (1.424)
Low quality —0.292 —0.351 —-0.171 —0.253 —0.181 —0.656 2.409

(0.202) (0.265) (0.209) (0.221) (0.202) (1.909) (1.508)
2019year*Low quality 0.118 0.166 0.107 0.196 0.116 0.650 0.097

(0.285) (0.374) (0.295) (0.312) (0.284) (2.708) (2.132)
2020year*Low quality 0.218 0.123 0.113 0.112 0.074 —1.366 —2.018

(0.285) (0.374) (0.295) (0.312) (0.284) (2.718) (2.132)
Constant 20.099***  19.483***  20.009***  20.672***  20.483***  45.332*** 80.232***

(0.107) (0.161) (0.110) (0.116) (0.106) (1.007) (1.008)
Observations 1,478 1,286 1,286 1,286 1,286 1,208 2,543
R? 0.004 0.005 0.003 0.003 0.002 0.031 0.009
Adjusted R2 0.0002 0.001 —0.001 —0.001 —0.002 0.027 0.007

Note: OLS robust standard errors in parentheses.
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treatment effects 51 should equal 0. Therefore, when running the Granger-type causality tests, the hypothesis
Hy : 81 # 0 is tested against the null hypothesis Hy : 51 = 0. Therefore, a lack of significance for £; in the
Granger-type causality test would fail to reject the null hypothesis (81 = 0), which then provides evidence
that there are no pre-treatment effects and further support for the viability of the parallel trends assumption.

The results of the Granger-type causality tests can be found in Tablefor the first specification (Equation
3) and in Table [5| for the second specification (Equation . Looking at the coefficients on the interaction
term between 2019 and the internet variable, there appears to be no pre-treatment effect for any of the
dependent variables for either specification. Across all five ACT score variables, AP scores, and graduation
rates, B1 is not statistically different from 0. None of these coefficients are statistically significant at any
standard significance level, indicating a failure to reject the null hypothesis that 1 # 0. This would suggest
that there is no pre-treatment effect and provides additional evidence that the parallel trends assumption is

viable.

6 Results

In this section, I discuss the results of the two difference-in-differences specification for each of my education
outcome variables. For the ACT data, I present regression results on the scores for each section of the exam
as well as the composite score (both with and without Louisiana data) in one table for each specification.
The results for Specification 1 can be found in Table [6] and the results for Specification 2 can be found in
Table[7] The discussion of ACT results can be found in Section[6.1] Results for the AP scores and graduation
rates are presented individually, with separate tables for each specification. The results for AP scores can be
found in Table [§] (Specification 1) and Table [J] (Specification 2) with a discussion about them in Section
The results for graduation rates can be found in Table [10] (Specification 1) and |11] (Specification 2) with the
discussion in Section [6.3

All the results are summarized in regression tables with estimated coefficients presented and p-values
obtained from wild bootstrapping in parentheses. I provide p-values instead of standard errors as the wild
bootstrap method I use only outputs p-values. This is because the wild bootstrap method does not assume the
underlying distribution follows a standard distribution (such as a normal distribution) making the calculation
of standard errors impractical, especially in instances where the confidence intervals are asymmetric.

The coefficients of interest for these regressions are the DID estimators, the coefficients on the interaction
terms. The interaction terms are labeled as 2020*Download speed for when the internet variable is continuous

(Specification 1) and as 2020*Low quality when the internet variable is binned (Specification 2).

6.1 ACT Scores

Tables [6] and [7] present the DID results for the ACT scores. The regression for composite scores can be found

in column 1. Column 2 also presents results for ACT composite scores, but this regression does not include
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data from Louisiana. I run an alternative regression without Louisiana data because Louisiana seems to
have unusually positive results for composite scores between 2019 to 2020 compared to the other states and
because I do not have ACT individual section results for Louisiana, thus removing this data makes column
2 more comparable to columns 3 to 6. The DID regression results for the English, Mathematics, Critical
Reading, and Science sections (the individual sections of the ACT) can be found in columns 3, 4, 5, and 6,
respectively.

Looking at the results of Specification 1 for the ACT scores, the DID estimator for the composite score
without the Louisiana data (column 2) and the estimators for three of the four individual sections (columns
3-5; all except for Science) are positive. The composite scores without Louisiana, the English scores, and
the reading scores all have the same coefficient (0.004) and the math scores have a larger coefficient (0.014).
Because these results are positive, this would indicate that a one unit log increase in median internet download
speed for a county would result in higher composite scores (no Louisiana), English scores, and reading scores
by 0.004 and math scores by 0.014 in 2020 compared to previous years, holding all else equal. This would
suggest that students in counties that have higher quality internet benefit more from the better internet
in 2020. The signs of these coeflicients are expected based on my hypotheses as they suggest that those
with lower quality internet would have lower scores in 2020 than those with higher internet compared to
previous years. However, while the sign of these coefficients matches my hypothesis, none of these results are
statistically significant. These coefficients have p-values ranging from 0.69 (math) to 0.84 (science) which
are very large and far from the traditionally acceptable significance thresholds of < 0.05 or < 0.01. This
suggests that I cannot reject the null hypothesis that the coefficients are statistically different from 0.

For Specification 1 using ACT data, The only regressors with a negative DID estimator is composite
scores with all the data (column 1), which has a coefficient of —0.037, and science scores (column 6), which
has a coefficient of —0.002. These negative coefficients suggest that, in these regressions, the scores of
students in a county that has lower quality internet, is higher, relative to previous years (lower for students
from counties with higher quality internet). Specifically, the coefficients suggest that for each one log unit
higher median download speed a county has, the composite test scores for that county’s students was 0.016
points lower and the science test scores for that county’s students was 0.002 points lower in 2020 compared
to previous years, holding all else equal. These coefficients have the opposite signs of the expectations from
my hypothesis as I anticipated that students from counties with higher quality internet would have achieved
higher comparative test scores in 2020. However, like the DID estimators for the other ACT score regressions,
neither the coefficient for composite scores with all data nor the coefficient for science scores is significant.
The p-value for the composite scores is 0.22 and the p-value for science scores is 0.95 which are both larger
than the critical values of 0.05 and 0.01 indicating a failure to reject the null hypothesis that these DID
estimators are statistically different from 0.

Despite the lack of significance on the DID estimators, the coefficient on 2020 is significant at the 5%

level for math scores (—0.25, p = 0.04). This coefficient represents the average change in ACT math scores
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in 2020 compared to previous years, holding all else constant. This coefficient suggests that, on average,
students in my sample received 0.25 fewer points on the math section of the ACT in 2020 relative to previous
years, holding all else equal. While this coefficient provides an interesting exploratory analysis because of
its significance, no causal inference should be taken from it with regards to the onset of the pandemic or
online learning. I did not formulate any hypotheses about this nor are my specifications designed to correctly

detect this effect. There are likely omitted variables influencing this effect such as the difficulty of the exam.

Table 6: ACT scores results (continuous)

Dependent variables:

Composite  Composite (no LA) English Math Reading Science
2020 0.296* —0.180 —0.258*  —0.252** —0.152 —0.088
(0.082) (0.134) (0.077) (0.039) (0.268) (0.464)
2020*Upload speed —0.037 0.004 0.004 0.014 0.004 —0.002
(0.222) (0.871) (0.881) (0.525) (0.877) (0.951)
County-level Fixed Effects Yes Yes Yes Yes Yes Yes
Observations 1,478 1,286 1,286 1,286 1,286 1,286
R2 0.000 0.002 0.002 0.002 0.001 0.001
Note: p-values from wild bootstrapping in parentheses. *p<0.1; **p<0.05; ***p<0.01

When looking at the results for Specification 2 (binned internet variable) using ACT data, there are
similar results. In this specification, all of the DID estimators are positive with the four subject sections
and the composite scores without Louisiana data having quite small coefficients (< 0.1) and the coefficient
on composite score with all data being 0.234. These results, however, are the opposite of what was expected
from my hypothesis. Positive results on the DID estimator in this specification means that in the school
year where schools shifted to online learning, the low-quality internet group would have higher ACT scores
in all subjects and the composite score compared to their previous than the high-quality internet group
would have, holding all else equal. These results would suggest that the shift to online learning would have
less negatively affected the low-quality internet than the high-quality internet group. However, as with the
previous specification, none of these results are statistically significant. The DID estimator for the composite

score regression with all the data has the smallest p-value at 0.34, which is still far from acceptable thresholds
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Table 7: ACT scores results (dummy)

Dependent variables:

Composite Composite (no LA) English Math Reading Science
2020 0.028 —-0.171 —0.247 —0.201 —0.127 -0.101
(0.865) (0.215) (0.162) (0.143) (0.381) (0.470)
Low quality —0.280** —-0.216 —0.283 —0.211 —-0.171 —0.192
(0.030) (0.140) (0.107) (0.126) (0.252) (0.150)
2020*Low quality 0.234 0.038 0.041 0.061 0.011 0.021
(0.335) (0.869) (0.900) (0.796) (0.956) (0.928)
COVID-19 rate —0.027*** —0.018*** —0.021*** —0.018*** —0.017*** —0.016***
(0.000) (0.000) (0.000) (0.000) ( 0.000) (0.000)
Constant 20.217*** 20.335%** 19.557*** 20.079*** 20.713%** 20.527***
(0.000) (0.000) (0.000) (0.000) ( 0.000) (0.000)
Observations 1,475 1,286 1,286 1,286 1,286 1,286
R? 0.028 0.015 0.015 0.016 0.012 0.013
Adjusted R? 0.025 0.012 0.012 0.013 0.009 0.010

Note: p-values from wild bootstrapping in parentheses.
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for significance. This means the null hypotheses cannot be rejected as the coefficients are not significantly
different from 0.

However, one main coefficient in my analysis for ACT data using Specification 2 has significance. The
coefficient on Low quality has a p-value of 0.03, so it is significant at the 5% level. The value of this
coefficient, —0.28, indicates a negative relationship between being in the low-quality internet group and the
ACT composite scores. Specifically, it indicates that, on average across the years, students from counties in
the low-quality internet group score 0.28 points lower on the composite score, holding all else equal. Despite
this, no causal inference should be taken from this result. My specification is not specifically designed to
test this relationship so there could by omitted variable bias. Additionally, it is only significant when the
Louisiana data is included and is not significant (p = 0.14) when the Louisiana data is removed, so this
result should not be considered anything more than an interesting exploratory result.

Because of the lack of significance for the DID estimator in all six of these regressions for both specifica-
tions, I do not have any evidence to support my hypothesis that the shift to online learning impacted ACT
scores for student from counties with lower quality internet more negatively than students from counties

with higher quality internet.

6.2 AP Scores

The results for estimations using percentage of qualifying AP scores follows a similar pattern to the results
for ACT scores. These results can be found in Table [ for the results with the continuous internet variable
(Specification 1) and in Table 9] for the results with the binned internet variable (Specification 2).

Looking at the results for Specification 1, the DID estimator is —0.102, which is negative, the opposite
sign from what I expected based on my hypothesis. This coefficient indicates that students in a county with
one log unit higher median speed internet are, on average, expected to receive a qualifying score on AP exams
0.10% less often in 2020 than previous years, holding all else equal. Thus, conversely, students from counties
with worse internet quality are more likely to score more positively in 2020 compared to previous years,
which is the opposite of my proposed hypothesis. Unfortunately, there is a lack of significance (p = 0.689) so
the null hypothesis that the coefficient is significantly different from 0 cannot be rejected. Therefore, there
is no evidence supporting my hypothesis.

Even with the lack of significance on the DID estimator, there is significance on the 2020 coefficient.
This coefficient has a value of 6.20, indicating that, in general, AP scores were higher in 2020 compared
to previous years. Specifically, on average, 6.2% more students received qualifying AP scores in 2020 than
previous years, holding all else equal. This result is significant at the 1% level with a p-value of 0.00. While
this result is interesting, no causal relationship should be inferred from it as my specifications were not
designed to detect this effect. Instead, this offers some exploratory analysis that may be worth exploring in
future research.

The results of Specification 2 for the percentage of qualifying AP scores are found in Table [} Looking
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Table 8: Percentage of qualifying AP scores results Table 9: Percentage of qualifying AP scores results

(continuous) (dummy)
Dependent variable: Dependent variable:
AP scores AP scores
2020 6.198"** 2020 7.220%%*
(0.000) (0.000)
Low quality —0.025
(0.994)
2020*Download speed —0.102 2020*Low quality —2.080
(0.689) (0.330)
COVID-19 rate —0.303***
(0.001)
County-level Fixed Effects Yes Constant 46.459***
(0.000)
Observations 1,206 Observations 1,206
R? 0.030 R? 0.039
Adjusted R? 0.036
Note: p-values from wild bootstrapping in parentheses. Note: p-values from wild bootstrapping in parentheses.
*p<0.1; **p<0.05; ***p<0.01 *p<0.1; **p<0.05; ***p<0.01

at the DID estimator in this regression, the sign again matches my expectations. Here, the (5 coefficient
is —2.08, suggesting that there is a negative effect for the low-quality internet group compared to the high-
quality internet group. This suggests that the low-quality internet group performs less positively or more
negatively on the 2020 AP exams compared to the exams from previous years when compared to the results

of the high-quality internet group. Again, however, the results suffer from a lack of significance as the p-value
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on the DID estimator is 0.330, above the 0.05 threshold. Therefore, the null hypothesis (52 = 0) cannot be
rejected and there is no evidence supporting my hypothesis.

Despite the lack of significance on the DID estimator, the coefficient on 2020 is significant (7.22, p = 0.00).
This coefficient represents the mean change in the percentage of qualifying AP scores for the high-quality
internet group in 2020. This coefficient suggests that counties with high-quality internet saw 7.22% more
students with qualifying AP exam scores in 2020 than in previous years, holding all else equal. While this
coefficient provides an interesting exploratory analysis because of its significance, no causal inference should
be taken from it with regards to the onset of the pandemic or online learning. I did not formulate any
hypotheses about this nor are my specifications designed to correctly detect this effect. There are likely
omitted variables influencing this effect such as the difficulty of the exam. The AP exams in 2020 may have

just been easier than previous years leading to a positive coefficient that is unrelated to COVID-19.

6.3 Graduation Rates

The results for the graduation rates regressions can be found in Table[I0]with the continuous internet variable
(Specification 1) and in Table [L1| with the binned internet variable (Specification 2).

The results for graduation rates using Specification 1 provides the only significant result on my DID
estimators. The DID estimator for this regression has a coefficient of 0.741, indicating a positive relationship,
which matches with my hypothesis. This coefficient indicates that schools in counties with one log unit higher
median download speed have, on average, a 0.74 higher graduation rate (out of 100.00) in 2020 compared to
previous years, holding all else equal. This coefficient suggests that counties with higher-quality internet are
comparatively better off in 2020 than counties with lower-quality internet. This indicates that the converse
is true as well, like I propose in my hypothesis. This would suggest that for each one log unit lower median
download speed a county has, the schools in that county are expected to have 0.74 lower graduation rate,
holding all else equal. This result is significant at the 1% level with a p-value of 0.003. This provides
evidence in support of my hypothesis (through sub-hypothesis Hlc) that the shift to online learning had a
more negative effect on education outcomes (specifically graduation rates) for students with lower quality
internet compared to students with higher quality internet in 2020 relative to previous years.

Unlike the continuous specification, however, the regression for graduation rates using Specification 2 is
insignificant. The sign on DID estimator for this regression (—2.05) matches my hypothesis. This coefficient
suggests that, on average, schools in the low-quality internet group have a lower graduation rate by 2.05
percentage points in 2020 compared to the counterfactual represented by the high-quality internet group.
However, this DID estimator lacks statistical significance (p = 0.23). Therefore, the null hypothesis that it
is significantly different from 0 cannot be reject and it does not provide evidence to support my hypothesis.

While the DID estimator lacks significance, both variables that make up the interaction term have varying
levels of significance with the coefficient on 2020 (4.74) significant at the 1% level and the coefficient on Low
quality (2.39) significant at the 5% level. The coefficient on 2020 suggests that counties with high-quality
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Table 10: Graduation rate results (continuous) Table 11: Graduation rate results (dummy)

Dependent variable: Dependent variable:
Graduation rate Graduation rate
2020 —0.032 2020 4.737*
(0.972) (0.000)
Low quality 2.389**
(0.032)
2020*Download speed 0.741*** 2020*Low quality —2.049
(0.003) (0.227)
COVID-19 rate 0.113**
(0.021)
County-level Fixed Effects Yes Constant 79.932%**
(0.000)
Observations 2,543 Observations 2,540
R2 0.006 R? 0.010
Adjusted R? 0.009
Note: p-values from wild bootstrapping in parentheses. Note: p-values from wild bootstrapping in parentheses.
*p<0.1; **p<0.05; **p<0.01 *p<0.1; **p<0.05; **p<0.01

internet saw 4.74% higher graduation rates in 2020 than in previous years, holding all else equal. The
coefficient on Low quality, which represents the baseline difference between the low-quality internet and
high-quality internet groups, suggests that the low-quality internet group had a 2.39% higher graduation
rate prior to 2020 than the high-quality internet group, holding all else equal. However, no causal inference
in regards to the shift to online learning or the the onset of the COVID-19 pandemic should be taken from

these coefficients as the specifications were not designed to unbiasedly measure these effects and there are
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likely omitted variables that are influencing these results. The significance of these coefficients just offers

some interesting exploratory analysis.

7 Robustness Checks

To test the soundness of my main results, I run a series of two robustness checks using alternative spec-
ifications. Both of my robustness specifications use modified versions of Specification 1 (Equation (1) and
Specification 2 (Equation [2) from my main analysis but with the alternative internet variables of average
download speed and median upload speed. Like most of my primary results, most of my robustness spec-
ifications find similarly non-significant results on the DID estimator. For the continuous internet variable
specification with graduation rates, my robustness checks find statistically significant results on the DID
estimator, offering additional support in favor of my hypothesis. While I briefly discuss the specifications

and results of the robustness checks in this section, the tables of the full outputs can be found in Appendix [B]
Average Download Speeds

The first set of robustness checks use average download speed instead of median download speed. Using
similar specifications to the main analysis, these regressions have one specification using the logged version
of the continuous internet variable and one specification using the binned internet variable. Average down-
load speed is binned using the same conditions that median download speed is binned, specifically that the
low-quality bin consists of counties with average download speed < 50 Mbps and the high-quality bin consists
of counties with average download speed > 50 Mbps. The continuous specification, using county-level fixed

effects, can be written as:
eduye = $1-2020yeary. + Pa2-(Downloadspeed, x2020yeary.) + ac + €yc (5)

where Downloadspeed.x2020year,,. is the DID estimator that is the interaction between 2020 and average
download speed and the other variables are the same as the primary regression. The binned specification

can be written as:
eduye = o + a2-2020yeary. + f1- Lowquality. + B2 (Lowquality. x 2020yeary.) +v1-COVIDratey. +€yc (6)

where Lowquality equals 1 if average max advertised download speed is < 50 and 0 otherwise and the other
variables are the same as the primary regression. Both of these regressions use unclustered wild bootstrapping
for the standard errors and the continuous specification uses county-level fixed effects.

Looking at the results for the robustness test using average download speed, I find they match my primary
results as none of the DID estimators are statistically significant except for the interaction in the regression
of graduation rate using the continuous internet variable. For ACT scores, p-values range from 0.68 to 0.97

in the continuous internet variable specification (Table [B.1)) and from 0.60 to 0.91 in the the binned internet
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variable specification (Table[B.2)). Similar results are found in the AP scores (Table and Table with
p-values of 0.75 for the continuous internet variable specification and 0.70 for the binned internet variable
specification. None of these results are below the critical value of p < 0.05 thus none of them are significant.
This helps provide support for the insignificance of the main results for ACT scores and AP test scores.
For the continuous internet variable specification of graduation rates, this robustness check adds support
for the significance of my main results as this regression also finds significance for the DID estimator (Table
. While not significant at the 1% level like the main results, the results in this robustness test find
it significant at the 5% level (p = 0.05). Additionally, the coefficient of 0.86 in this robustness check has
the same sign and similar magnitude to the main result of 0.74 (Table [10). However, like the main results,
the binned internet variable specification of graduation results finds insignificant results (Table . This

specification finds a p-value of 0.69 on the DID estimator which is above the 5% significance level.
Median Upload Speeds

The second set of robustness checks use median upload speed instead of median download speed. Using
similar specifications to the main analysis, these regressions have one specification using the logged version
of the continuous internet variable and one specification using the binned internet variable. Median upload
speed is binned in a method where the low-quality bin consists of counties with median upload speed < 5
Mbps and the high-quality bin consists of counties with median upload speed > 5 Mbps. The continuous

specification, using county-level fixed effects, can be written as:
eduy. = 31-2020yeary. + Po-(Uploadspeed, x2020yeary.) + ac + €yc (7)

where Uploadspeed.x2020yeary. is the DID estimator that is the interaction between 2020 and median
upload speed and the other variables are the same as the primary regression. The binned specification can

be written as:
eduy. = a1 +a-2020yeary. + 31 - Lowquality. + B2 -( Lowquality. x2020yeary.) +v1-COVIDratey. + €, (8)

where Lowquality equals 1 if median max advertised upload speed is < 5 and 0 otherwise and the other
variables are the same as the primary regression. Both of these regressions use unclustered wild bootstrapping
for the standard errors and the continuous specification uses county-level fixed effects.

With the robustness check using median upload speed, I again find similarly insignificant results for
most of the education variables in both specifications. The results for ACT scores has no significant DID
estimators in either the continuous internet variable specification (Table or the binned internet variable
specification (Table with p-values ranging from 0.46 to 0.87 and 0.61 to 0.81, respectively. The results
for AP scores (Table and Table have equally insignificant results with p-values of 0.16 and 0.96

on the DID estimators, respectively. Since none of these results are below the critical value of p < 0.05 they
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are not significant, which helps provide support for the insignificance of the main results for ACT scores and
AP test scores.

The results for graduation rates in this second robustness check, however, again find significance for
the DID estimator in the continuous internet variable specification. While upload speeds are a different
measure than download speeds, thus the magnitudes cannot be compared, they are correlated due to the
fact that counties with higher download speeds tend to have higher upload speeds (p = 0.867,p = 0.000)H
Additionally, upload speed is another measure of internet quality, so better upload speeds would suggest
better internet quality. Looking at the DID estimator in this robustness check, the coefficient, 0.57 (Table
, is positive meaning it has the same sign as the coefficient of the main result, 0.74 (Table . This
result is also significant, although unlike the main result, it is only significant at the 5% level and not the
1% level. The graduation rate results for the DID estimator in the binned internet variable is not significant
at the 5% level with a p-value of 0.08 (Table [B.12).

Both of these robustness checks add support for the main results on the continuous graduation rates
indicating that it is less likely to be a false positive. This also gives greater evidence for my hypothesis that
better internet quality more negatively or less positively affects the education outcomes, specifically with
regards to graduation rates, of students with lower-quality internet compared to students with high-quality

internet in 2020 relatively to previous years.

8 Discussion

Within my results, I find some evidence in support of my hypothesis that shifting to online classes due
to the COVID-19 pandemic affects students with low-quality internet disproportionately more negatively
or less positively than students with high-quality internet. Looking at the graduation rates variable under
Specification 1 with the continuous internet variable, I have a robust statistically significant result indicating
that the better internet quality is for a county, the comparatively higher graduation rate schools in that
county have in 2020 relative to previous years. This would suggest that, with the shift to online learning,
that students with better internet quality were more likely to graduate, relative to previous years, than
students with worse internet quality. This also suggests, in alignment with how my hypothesis is structured,
that students from counties with low-quality internet would be comparatively less likely to graduate in 2020
relative to the graduation rates in previous years.

Not only does this support my hypothesis, but this makes empirical sense as well. Students with lower
quality internet are more likely to have issues with attending online classes and completing internet-intensive
tasks and projects. This could cause them to struggle in classes and receive lower grades than they otherwise
might have if the classes were in-person. If this is the case, students that were borderline passing may have

been unable to overcome the internet quality deficiency enough to pass critical classes. Another possibility

5p is the Spearman rank-order correlation coefficient.
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is that students with low-quality internet get frustrated with the difficulties caused by their poorer quality
internet and the difficulty in attending and managing courses. This frustration could translate into even
poorer grades. These struggles with the internet could also translate into students being unable to properly
attend class so they decide to defer graduation until classes resume in-person learning. All of these are
reasonable possibilities for why students with lower quality internet may not graduate, thus leading to
comparatively lower graduation rates for these counties in 2020.

Throughout the rest of my results, there is a distinct lack of statistical significance on the coefficients of
interest both within my primary results and my robustness checks. For all the ACT scores data and the AP
test scores data across both of the specifications, none of the DID estimators are statistically different from
0. There could be a few reasons for why this has happened.

First, the true effects for these variables could actually be 0, indicating that having different internet
quality does not effect the education outcomes of students measured here (ACT scores and AP test scores)
after a shift to online learning. This would suggest that students from counties with low-quality internet are
not worse off than students from counties with high-quality internet. This is certainly a possible explanation.
The majority of the students in counties from low-quality internet may have had enough internet to succeed
at distance learning. Despite the 50 Mbps for online learning for students I proposed earlier (Section ,
there is the possibility that lower internet speeds are suitable enough for distance learning success, at least
in its relation to taking standardized tests. Another possibility is that these families adapted quickly and
successfully to sharing their lower speed internet with each other ensuring that the family members could
succeed at their school and work despite the lower-quality internet. Another potential reason is that these
students found alternative solutions for their internet problems. One possibility is that school or community
programs could have been developed to help students with lower internet access. For example, communities
may have provided students who have low-quality internet with temporary devices that had better internet
access or schools may have developed lessons designed more for “at-home” study that relied less on the
internet.

Additionally, a reason the actual effect may be zero is related specifically to my internet data. I use
fixed broadband internet which is still the primary internet form used in households as it is the source of
WiFi. However, with the improved sophistication of smartphones and tablets and dropping data prices,
using mobile devices has increasingly become a viable alternative to using WiFi. This means that, while
households have low-quality broadband internet, they may have fast enough mobile internet to compensate,
allowing students to attend lectures and succeed in online classes without higher quality internet. If enough
of the students from counties with low-quality fixed broadband internet can compensate for it using mobile
internet, the effect difference between groups when shifting to online learning would be negligible. However,
one issue with these possible reasons is the robust significance on graduation rates under the continuous
internet variable specification. It seems unlikely that students from counties with low-quality internet would

be successful in adjusting or compensating for their internet deficiency in regard to standardized testing,
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but not in regard to graduation. Instead, assuming the statistically significant result on graduation rates is
not a false positive, an alternative reason for the insignificance with ACT and AP test scores seems more
plausible.

One alternative reason for why my results would be statistically insignificant even if the shift to online
learning during the COVID-19 pandemic would affect students in counties with low-quality internet dispro-
portionately more is that the effect size is small and my study is not sufficiently powered to detect the small
effects. The limited number of counties that data was available I reduces my sample size which reduces the
power within this paper. Additionally, because of the nature of ACT scores and AP test scores, it is unlikely
for counties to see large changes from year-to-year even in times with disruptive events like COVID-19.
This suggests that any effects, while present, may have been too small for this paper to detect with any
significance.

Another alternative is that, while the shift to distance learning does have a disproportionate affect on
students from counties with low-quality internet, the effect would not be seen in the 2020 data. Because I
look at standardized test scores in 2020, which occurred only a few months after the onset of the COVID-
19 pandemic and the shift to online classes, there may have not been a long enough amount of time to
see a noticeable effect. The majority of the school year would have taken place in person under normal
conditions so any effect from online learning may have been minimal, despite happening at a pivotal time
in the preparation process. For example, the standardized tests may have consisted of content based on
material that was primarily learned prior to the shift which would reduce the effects from shifting to online
learning. Because of these factors, looking at a period of time where the shift to online learning was longer,
such as looking at 2021 data, could allow for detection of the actual effects. This could be an interesting
avenue for future researchers to look into, however, other issues would need to be addressed while doing this
analysis, such as compensating for changes to college applications structure where they no longer require

college readiness tests and as well as adjusting for changes to the overall structure of the ACT and AP tests.

9 Limitations

While I tried to make the results of this paper as robust as possible, there are several limitations to the
analysis. The first limitation with my paper is the data, particularly the lack of data available. I discuss
the main issues with data collection in Section [} Because there was no centrally available dataset that I
had access to for any of the education outcomes variables, I had to collect the data from the individual state
websites, which each offered different amounts of data and data in different formats. Many states did not
even provide data for the most recent year (or in some cases several most recent years). The limited number
of states that provide data (seven for the ACT and AP test scores and 16 for graduation rates) leads to two
potential issues in my paper. One is a reduced sample size. With counties from all fifty states, there would

be much greater power which would allow for better detection of small effect sizes. Additionally, because the
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restricted sample is only specific states, it does not provide as good of a cross-section of the United States’
population which leads to a loss of generalizability. While my results can provide robust analysis for the
states within my sample, it lacks in the external validity needed to make broader claims about the entirety
of the United States.

Another potential limitation is omitted variable bias. Most analysis has the potential to suffer from
omitted variable bias as it is difficult to determine and find data for all the variables that potentially affect
an analysis. While the construction of the difference-in-differences analysis and the use of fixed effects in
Specification 1 helped to reduce potential omitted variable bias, lack of data prevented me from including all
the time-variant control variables I identified as potential omitted variables, specifically changes in county-
level education spending. For the states included in this analysis, I was unable to find education expenditure
data for all of them at a county level and, even for those I found data for, it was not structured in a comparable
form. Due to this, I have not included this control in my analysis, and while I do not believe it would have
a large impact on the results, there is still the potential that it is causing omitted variable bias and this
should be considered when interpreting the results in this paper. Another potential omitted variable has to
do with the ability of a household to cope with the shift to online. Students from households with better
socioeconomic conditions may be better prepared to handle to classes online compared to students from
lower socioeconomic households, independent of internet. For example, students from higher socioeconomic
households may have parents who can easily work from home and help their children with schoolwork, while
parents in lower socioeconomic households may have less time to help. Since socioeconomic conditions are
correlated with internet (Gorski, 2005;Zhao et al., 2010}, this could lead to potential omitted variable bias.
However, I do not think this would be too problematic since at least some of this effect would be present
prior to 2020, and any added effect during the pandemic is likely minimal. However, the strong correlation
between socioeconomic conditions and internet quality could mean that part of the effect I find in this
paper for graduation rates is actually measuring differences in socioeconomic and not just internet quality,
which would alter the interpretation of the results. While I do not look specifically at separating the effect
of socioeconomic conditions from internet inequality in this paper, this could be a good avenue for future
research.

A final limitation is in the underlying assumptions of DID analysis, particularly the parallel trends
assumptions. As I have done in this paper, the viability of the parallel trends assumption can be argued
using various methods such as visual inspection of pre-trends and testing for pre-treatment effects. While the
three-period data I use in this paper (two pre-treatment periods and one post-treatment period) is adequate
to run such an analysis, it is generally preferable to have more time periods so long-term pre-trends can be
analyzed and compared. However, limitations on the data available restricted the number of pre-treatment
periods that could be used. Therefore, while I believe I have provided adequate argumentation for the
viability of the parallel trends assumption, more pre-treatment periods would have allowed for stronger

argumentation and more compelling evidence on the viability of the parallel trends assumption.
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10 Conclusion

The “Digital Divide”, the gap in access to and knowledge of technology between groups, arose as an issue
with the rapid technological innovations of the late 20th Century, and it continues to persist as a problem
into the modern day. While falling costs of technology and government backed initiatives are helping to
reduce the gap in technology inequality, the divide is still far from being completely bridged. Researchers
have become especially concerned with the digital divide due to the effect it has on commonly marginalized
groups. Researchers have found that minorities, women, rural areas, and lower socioeconomic groups tend to
be disproportionately affected by this technological divide (Gorski, 2005; Strover, [2001; Zhao et al., 2010).
One area where this inequity in technology seems particularly pronounced is education. Many researchers
have found that a lack of access to technology or a lack of knowledge in using that technology has led to less
scholastic success (Attewell and Battle, [1999; Buzzetto-Hollywood et al., |[2018; Hargittai, 2002). Lower test
scores (Aydin, 2021} Huang and Russell, 2006), lower enrollment (Fairlie, 2005), and increased dropout rates
(Mbunge et al., [2020) are all academic areas where researchers have found an effect from the digital divide.

Through this paper, I have attempted to expand this literature on the digital divide’s effect on education
by looking for additional evidence about the effect of internet inequality on education outcomes. Within this
paper, I look beyond the often used dichotomy of “haves” and “have-nots” of internet inequity, and instead
look at the quality of the internet. Specifically I focus on students within the United States and set out to
answer the question: How does the shift to online distance learning affect the education of American students
with differing internet quality at home? For my analysis, I exploit the natural phenomenon of the COVID-
19 global pandemic, which forced most schools in the United States to shut down and to shift to online
distance learning in late March of 2020. Using difference-in-differences specifications with both continuous
and binned internet quality variables, I test my hypothesis that students with low-quality internet were
disproportionately affected by the shift to online learning in 2020 relative to previous years and compared
to students with high-quality internet. To do this, I look at three education outcome variables, ACT scores,
AP test scores, and graduation rates, and I use county-level data for the selection of states that provide 2020
data as well as data for the 2018 and 2019 school years.

From my results, I find some evidence to support my hypothesis through the education outcome variable
of graduation rates. Under the specification that utilizes the continuous internet variable, I get statistically
significant results in the hypothesized direction in my main results and in both of my robustness checks.
This suggests that students with low-quality internet are disproportionately affected by the shift to online
learning in 2020 relative to the previous years, at least in regard to graduation rates. I expect this effect
comes from the inability of students with low-quality internet to properly attend, manage, and perform in
academic settings due to internet connectivity and speed issues, especially compared to the students with
high-quality internet. This would then affect education outcomes like graduation rates as students may be
receiving poorer grades, dropping out from school, or deferring graduation until after classes return to in-

person. While the results for graduation rates have significance, the results of my other education outcome
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variables are not significant.

The significant effect found with graduation rates contributes to the literature by adding additional
evidence of the effect of the digital divide on education outcomes as well as providing evidence that the
quality of access to the internet has an effect. Additionally, it provides some preliminary evidence into the
effect of shifting to online classes during the COVID-19 pandemic in 2020, an area lacking in research due to
its recency. However, there are many avenues that future researchers could look into. One limitations with
my research was the limited data I had access to in regards to my education outcome variables. It could be
interesting to look at the full sample of states once the data becomes available and see if the results in this
paper match the results from the the full sample of states. Another potential limitation I have is the limited
time between the onset of the pandemic and the results of the education variables. Looking at a sample
where there was a longer period of online learning before these standardized test scores and graduation could
show more pronounced effects and would be interesting to look into. A final avenue of future research is
to use internet speeds or other measures of internet quality to look at other effects of inequity in internet
access. As far as I can tell, this is the first paper to utilize internet speed as a measure of internet quality to
look at the effects of the digital divide on education. It could be interesting to use these metrics to study

other effects of this divide as well.
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Appendix A Summary Statistics

Table A.1: Internet download speed summary statistics by state

State Minimum Median Mean Max State Minimum Median Mean Max
Alabama 2 100 398.2 1,000 Montana 25 100 352.3 1,000
Alaska 35 100 435.5 1,000 Nebraska 35 100 296.3 1,000
Arizona 35 100 433.5 1,000 Nevada 35 100 446.5 1,000
Arkansas 35 100 370.7 1,000 New Hampshire 35 100 282 1,000
California 2 100 358.3 1,000 New Jersey 35 250 388.3 1,000
Colorado 2 115 439.9 1,000 New Mexico 35 100 467 1,000
Connecticut 50 618.5 570.1 1,000 New York 35 100 369 1,000
Delaware 35 940 658.3 1,000 North Carolina 35 100 378.6 1,000
Florida 35 100 411 1,000 North Dakota 35 100 386.2 1,000
Georgia 35 100 368.7 1,000 Ohio 35 100 373.6 1,000
Hawaii 35 940 590 1,000 Oklahoma 2 100 474.1 1,000
Idaho 35 100 398.5 1,000 Oregon 35 325 512.4 1,000
Illinois 35 100 302.7 1,000 Pennsylvania 25 100 307 1,000
Indiana 35 225 503.7 1,000 Rhode Island 35 100 242 940
Towa 2 100 416.1 1,000 South Carolina 35 100 376.7 1,000
Kansas 4 100 390.2 1,000 South Dakota 35 100 357.8 1,000
Kentucky 35 100 321.9 1,000 Tennessee 35 100 415.3 1,000
Louisiana 30 100 288.1 1,000 Texas 2 100 439.2 1,000
Maine 35 100 317.3 1,000 Utah 35 100 400 1,000
Maryland 35 175 400.7 1,000 Vermont 35 107.5 408 1,000
Massachusetts 35 100 397.6 1,000 Virginia 25 100 312.7 1,000
Michigan 35 100 405 1,000 Washington 2 100 372.8 1,000
Minnesota 35 100 325.8 1,000 West Virginia 35 100 346.6 1,000
Mississippi 35 100 362.5 1,000 Wisconsin 35 100 375.1 1,000
Missouri 2 100 348.6 1,000 Wyoming 35 100 382.2 1,000
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Appendix B Robustness Checks Tables

Table B.1: ACT scores results with average internet download speed (continuous)

Dependent variables:

Composite ~ Composite (no LA)  English Math Reading Science
2020 0.181 —0.157 —0.338 —0.251 —0.077 —0.024
(0.484) (0.416) (0.186) (0.204) (0.743) (0.920)
2020*Upload speed —0.013 —0.001 0.018 0.012 —0.010 —0.013
(0.776) (0.973) (0.686) (0.692) (0.775) (0.679)
County-level Fixed Effects Yes Yes Yes Yes Yes Yes
Observations 1,478 1,286 1,286 1,286 1,286 1,286
R2 0.001 0.001 0.002 0.002 0.001 0.001
Note: p-values from wild bootstrapping in parentheses. *p<0.1; **p<0.05; ***p<0.01
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Table B.2: ACT scores results with average internet download speed (dummy)

Dependent variables:

Composite ~ Composite (no LA) English Math Reading Science
2020 0.106 —0.164 —0.239 —.179 —0.137 —0.098
(0.372) (0.166) (0.104) (0.135) (0.265) (0.397)
Low quality —0.049 0.087 —0.022 0.106 0.128 0.138
(0.837) (0.727) (0.960) (0.662) (0.612) (0.537)
2020*Low quality —0.047 0.082 0.065 —0.058 0.230 0.058
(0.911) (0.854) (0.911) (0.894) (0.601) (0.881)
COVID-19 rate —0.027*** —0.017*** —0.021*** —0.018*** —0.017*** —0.016***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Constant 20.128*** 20.260*** 19.468*** 20.005*** 20.650*** 20.457***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Observations 1,475 1,286 1,286 1,286 1,286 1,286
R? 0.025 0.013 0.012 0.014 0.011 0.011
Adjusted R? 0.022 0.009 0.009 0.011 0.008 0.008
Note: p-values from wild bootstrapping in parentheses. *p<0.1; **p<0.05; ***p<0.01
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Table B.3: Percentage of qualifying AP scores results

with average internet download speed (continuous)

Table B.4: Percentage of qualifying AP scores results

with average internet download speed (dummy)

Dependent variable:

Dependent variable:

AP scores AP scores
2020 4.913* 2020 6.452***
(0.053) (0.000)
Low quality —0.614
(0.868)
2020*Download speed 0.135 2020*Low quality 2.419
(0.746) (0.704)
COVID-19 rate —0.303***
(0.001)
County-level Fixed Effects Yes Constant 46.489***
(0.000)
Observations 1,206 Observations 1,206
R2 0.030 R2 0.038
Adjusted R? 0.035

Note: p-values from wild bootstrapping in parentheses.

*p<0.1; **p<0.05; ***p<0.01
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Table B.5: Graduation rate results Table B.6: Graduation rate results

with average internet download speed (continuous) with average internet download speed (dummy)
Dependent variable: Dependent variable:
Graduation rate Graduation rate
2020 —1.120 2020 3.9131***
(0.630) (0.000)
Low quality 0.129
(0.957)
2020*Download speed 0.857** 2020*Low quality —1.581
(0.050) (0.687)
COVID-19 rate 0.122**
( 0.010)
County-level Fixed Effects Yes Constant 80.951***
(0.000)
Observations 2,543 Observations 2,540
R2 0.007 R2 0.008
Adjusted R? 0.007
Note: p-values from wild bootstrapping in parentheses. Note: p-values from wild bootstrapping in parentheses.
*p<0.1; **p<0.05; ***p<0.01 *p<0.1; **p<0.05; ***p<0.01
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Table B.7: ACT scores results with median internet upload speed (continuous)

Dependent variables:

Composite ~ Composite (no LA) English Math Reading Science
2020 0.152* —0.170*** —0.252%** —0.201***  —0.153** —0.078
(0.052) (0.007) (0.000) (0.002) (0.039) (0.190)
2020*Upload speed —0.016 0.003 0.006 0.007 0.007 —0.007
(0.457) (0.872) (0.779) (0.696) (0.727) (0.714)
County-level Fixed Effects Yes Yes Yes Yes Yes Yes
Observations 1,478 1,286 1,286 1,286 1,286 1,286
R2 0.000 0.002 0.002 0.002 0.001 0.001

Note: p-values from wild bootstrapping in parentheses.
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Table B.8: ACT scores results with median internet upload speed (dummy)

Dependent variables:

Composite ~ Composite (no LA) English Math Reading Science
2020 0.128 —0.122 —0.194 —0.151 —0.070 —0.066
(0.396) (0.423) (0.298) (0.335) (0.652) (0.656)
Low quality —0.045 —0.025 —0.057 0.016 —0.021 —0.017
(0.716) (0.834) (0.712) (0.901) (0.875) (0.872)
2020*Low quality —0.059 —0.089 —0.099 —0.074 —0.131 —0.068
(0.807) (0.724) (0.736) (0.779) (0.608) (0.789)
COVID-19 rate —0.027*** —0.018*** —0.021*** —0.018*** —0.017*** —0.016***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Constant 20.145*** 20.277*** 19.492%** 20.005*** 20.669*** 20.474***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Observations 1,475 1,286 1,286 1,286 1,286 1,286
R? 0.025 0.013 0.013 0.014 0.011 0.011
Adjusted R? 0.023 0.010 0.010 0.011 0.008 0.008
Note: p-values from wild bootstrapping in parentheses. *p<0.1; **p<0.05; ***p<0.01
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Table B.9: Percentage of qualifying AP scores results

with median internet upload speed (continuous)

Table B.10: Percentage of qualifying AP scores results

with median internet upload speed (dummy)

Dependent variable:

Dependent variable:

AP scores AP scores
2020 6.563"** 2020 6.479***
(0.000) (0.000)
Low quality —0.975
(0.464)
2020*Upload speed —0.328 2020*Low quality 0.086
(0.157) (0.964)
COVID-19 rate -0.311%**
(0.000)
County-level Fixed Effects Yes Constant 46.947***
(0.000)
Observations 1,206 Observations 1,206
R2 0.029 R2 0.039
Adjusted R? 0.035

Note: p-values from wild bootstrapping in parentheses.

*p<0.1; **p<0.05; ***p<0.01
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Table B.11: Graduation rate results Table B.12: Graduation rate results

with median internet upload speed (continuous) with median internet upload speed (dummy)
Dependent variable: Dependent variable:
Graduation rate Graduation rate
2020 2.172%** 2020 4.953***
(0.000) (0.000)
Low quality 4.539***
(0.000)
2020*Download speed 0.568** 2020*Low quality —2.957*
(0.014) (0.082)
COVID-19 rate 0.112**
(0.019)
County-level Fixed Effects Yes Constant 79.277F**
(0.000)
Observations 2,543 Observations 2,540
R2 0.006 R2 0.015
Adjusted R? 0.014
Note: p-values from wild bootstrapping in parentheses. Note: p-values from wild bootstrapping in parentheses.
*p<0.1; **p<0.05; ***p<0.01 *p<0.1; **p<0.05; ***p<0.01
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